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ABSTRACT 
liiomoleculcs is a chemical compound that occurs naturally in living organisms. All 
known forms of life are solely comprised of biniolecules. The main biomolecules are 
proteins, carboh>drates and lipids. Ihe study of the basic units of these biomolecules 
helps in understanding the behavior of these macromolecules. The kinetic and 
mechanistic studies of organic and inorganic reactions have been widely used to study 
the degradation of biomolecules. These studies contribute to the small and large-scale 
industrial processes to a large extent. The kinetic study is beneficial to understand the 
reaction process condition, yield of the product and quantities of the synthesized. 
Kinetic methods have become an essential technique to discuss the mechanism of 
organic and inorganic reactions that take place in photochemistry, enzyme chemistry, 
study o\' chemical catalysis etc. fhe kinetic study of a wide range of chemical 
processes is seen to be of essential importance, not only in pure research but 
increasingly in industrial research, development and, in some instance, in quality 
control and analysis as well. 
The major routes of biomolecule oxidation in solution are via, oxidation or 
photochemical means. The one most common way a compound can decompose in 
solution is via oxidation. Reduction/ oxidation (redox) reactions involve either the 
transfer of electrons. Oxidation is promoted by the presence of oxygen, and the 
reaction can be initiated by the action of heat, light or trace metal ions that produce 
organic free radicals. These radicals propagated the oxidation reaction, which 
proceeds until inhibitors destroy the radicals or until side reactions eventually break 
the chain. 
Ihe stability, shape, si/e. and morphologies of metal nanoparticles depend on the 
method of preparation, type, and concentration of stabilizers (polymers, ligands, solid 
matrix and surfactants). Regarding the role of surfactants. It has been successfully 
demonstrated that size and the kinetics of surfactant stabiHzed silver nanoparticles 
largely depend on the [reductantj. [surfactant], and time of mixing of the reactants. 
fhe studies discussed in this thesis deal with the kinetics and mechanism of the 
oxidation of biomolecules by metal ion oxidants. The work described is divided into 
the following chapters. 
1. General Introduction and statement of the problem 
2. lixperiment 
3. Oxidation of phenylalanine by permanganate 
4. Oxidation of methionine by permanganate 
5. Oxidation of ethylenediaminetetraacetic acid by water soluble colloidal Mn02 
6. Oxidation of thiourea by full grown microelectrode silver nanoparticles 
7. Oxidation of methionine by silver (I) 
Chapter 1 involves review of literature about the metal ion oxidants (manganese and 
silver), mechanism ol' silver nanoparticles formation, and role of surfactants as the 
stabilizers, kinetics of oxidation of biomolecules (amino acids), and statement of the 
problem of the present work. 
Chapter 2 gives the details of source and purity of the reagents used throughout the 
study. The methods of the rate constant calculation, preparation, characterization of 
silver and Mn(lV) nanoparticles and the analysis of the oxidation products of 
phenylalanine, methionine, and thiourea have been described in this chapter. 
Chapters 3 deals with the kinetics and mechanism of oxidation of phenylalanine in the 
absence and presence of cetyltrimethylammonium bromide (CTAB) by 
permanganate. The oxidation follows first- and fractional- order kinetics with respect 
to permanganate and phenylalanine, respectively, fhe catalytic effect of CTAB 
micelles have been explained in terms of pseudophase models of micelles (Scheme 1). 
The mechanism of the oxidation is given in Scheme 2. 
The effects of inorganic electrolytes (NaCl, NaBr, and NaNOa) have also been 
studied to elaborate their role in the micellar catalysis. The positive catalytic role of 
surfactants has been explained in terms of adsorption, association, and solubilization 
of the reactive species of the permanganate and phenylalanine (Schemes 3 and Fig. 1.) 
fhrce important factors, namely, electrostatic and hydrophobic and hydrogen bonding 
seems to play an important role in bringing the reactive species together. 
(MnO;)^^ + D„ 
K. 
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(MnO/)„ 
Scheme 1 Solubilization of permanganate with the miceliized CTAB 
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Scheme 3. Probable reaction site for the oxidation of phenylalanine by 
permanganate in CTAB 
Chapters 4 & 5 deals with the kinetics of oxidation of methionine and 
ethylenediaminetetraacetic acid (EDTA) by permanganate and water soluble colloidal 
Mn02 (reaction product of methionine-permanganate and cysteine-permanganate 
reactions), respectively. Work on KDTA (multifunctional a -amino acid) was 
undertaken with the hope that ethylenediaminetetraacetic acid can also act as a simple 
amino acid. The plausible mechanism of the oxidation of methionine and liDl'A are 
given in Schemes 4 & 5. Formation of water soluble colloidal MnO? as a function of 
time and their transmission electron microscopy (fEM) image are given in Figs. 2 and 
3. respectively. 
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Mechanism and rate law for the oxidation of Ethylenediaminetetraacetic acid by 
colloidal Mn07 
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Chapter 6 deals with the oxidation of thiourea bv silver nanoparticles. Formation and 
eharacteri/ation of silver nanoparticles during the reduction of silver(l) by ascorbic 
acid and kinetics of the oxidation of thiourea by resulting silver nanoparticles are 
discussed in this chapter. The mechanisms and rate law which account for all 
experimental data for the oxidation of thiourea by silver nanopartcles are shown in 
Scheme 6. The TEM picture shows that the nanoparticles are spherical and size of 
particles is ca. 40 nm (Fig. 4). Reaction curves are depicted graphically in Fig. 5 as 
lc)g(absorbancc)-time profiles which clearly indicates the oxidation of thiourea by full 
grown microclectrode (FGMH) silver nanopartcles. 
Mechanism and rate law for the oxidation of thiourea silver nanoparticles 
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Scheme 6 
Chapter 7 deals with the formation and characterization of CTAB stabilized corn 
shaped silver nanoparticles (Figs. 6 & 7). The UV-vis. spectra of the silver sol are 
depicted graphically in Fig. 8. The second order rate constant was found to be 
independent on |silver(l)] and rate constant decrease with Imethioninej. The 
mechanism for the reaction is given in Scheme 7. 
Mechanism and rate law for the oxidation of methionine by silver(I) 
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10'[CTAB] (mol dm ) 
Fig. 1. Effect of |CTAB| on the initial absorbance of permanganate at 525 nm in 
presence (A) and absence (B) of (PheJ. Reaction conditions: (Mn04'] (=1.0x 10'^  
mol dm ^); temp ( = 30 "C); pH = ( 5.15); [phe| (-2.0 xlO ^ mol dm'^( A). 
12 
Time(miii) 
Fig. 2. Plot showing the formation of water soluble colloidal Mn02 at 420 nm. 
Reaction conditions: |Mn04 ] (= 1.0 xl0"*mol dm'^), temperature (= 25 "C), 
Imethioninel (= 0.2 (•), 0.4 (•), 0.6 {<), 0.8 ( • ) , andl.O xlO ^ mol dm ^ (•). 
13 
\ t 
^^*-?.«;*; . 
•tf <^*«3».t' 
Hfj. 3. I ransmission electron micrograph for the formation of quantum dots 
nano si/e of water soluble colloidal Mn02 particles. Reaction conditions'. Reaction 
conditions: [Mn04 ] (=2.0 x 10 "* mol dm \ |methioninej (= 2.0 x 10"^  mol dm \ 
temperature (= 25°C). 
14 
Fig. 4. Electron microscopy picture of full grown silver nanoparticles (FGME) 
obtained by the reduction of AgNOj with ascorbic acid at 25 'C. 
Reaction conditions: |Ag(I)| = 6.0x10"' mol dm"^; [ascorbic acid] = 4.0 xlO ^ 
moldm ; |CTAB| = 6.0x10" mol dm'^; Time = 70 min and Mangnification = 
200K. 
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Fig. 5. Plots of log(absorbance) versus time for the oxidation of thiourea by 
FGME particles at 25 "C. Reaction conditions: [silver sol] = 2.4x10"^ mol dm"^  
and Ithiourea] = 0.0 (•); 1.1(«) and 3.3 xlO"' mol dm ^ (A). 
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Fig.6. Transmission electron micrograph for the formation of corn-shaped 
nanosize Ag-particles. Reaction conditions: |Ag(I)j = 10.0 x 10 ^ mol dm ;^ 
|C lAB| = 8.0x 10 ""mol dm-*; temperature = 25 V ; [methionine] = 10.0 x 10 •' 
mo! dm 
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Fig.7. I ransmission electron microj^raph showing the crossing-linking of Ag-
nanoparticles. 
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Fig. 8. UV-vis. spectra of Ag-nanoparticles formation (purple color) as a function 
of time. Reaction conditions: |Ag(I)j = 10.0 x IQ-" mol dm'^ |CTAB] = 8.0 x 10"' 
mo! dm ;^ |methionine| = 8.0 x 10 ^  mol dm"*; temperature = 23 "C; time = 4 (•), 
25 (» )and74h(A) . 
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CHAPTER-1 
Introduction 
1.1. General Introduction 
The chemistry of hfe can be referred to two chemical processes: (1) the use of 
radiant solar energy to drive chemical reactions that produce oxygen and reduced 
organic compounds from carbon dioxide and water and (2) the oxidation of the 
products of (1) with the production of carbon dioxide, water, and energy. An 
important feature of living systems is their unique dependence upon kinetic stability 
for their existence. All are thermodynamically unstable- the> would burn up 
immediately to carbon dioxide and water if the system came to thermodynamic 
equilibrium. Enzymes (catalysts of biological systems) control the synthesis and 
degradation of biologically important molecules. Many enzymes depend upon a metal 
ion for their activity. Metal-containing compounds are also important in the process of 
chemical and energy transfer, reactions which involve the transport of oxygen to the 
site of oxidation and various redox reactions resulting from its use. Oxidation kinetics 
has received considerable attention due to the wide range of biological processes in 
which metal ions participate. Catalysis and inhibition by transition metal ions play an 
important role in understanding the mechanistic aspect of a particular redox reaction, 
1.2. Oxidizing nature of manganese 
Manganese is the most abundant element in the ^^arth's cru.st, and it is of 
considerable importance in biological (essential to all organisms: activates numerous 
enzymes; deficiencies in soils lead to infertility in mammals, born malformation in 
growing chicks) and natural aquatic systems. In natural waters, it occurs as insoluble 
Mn (111 and IV) oxides and as soluble Mn""^  ions. In oxygenated solutions, manganese 
(III. IV) oxide minerals are thermodynamically stable, and their formation in surface 
waters is a result of bacterial activit\. Manganese shov\s variable oxidation state in 
their compounds and this ability is certain!) related to the redox function of the metal 
3 
ion in biological system [1]. Potassium permanganate is widely used as an oxidizing 
agent in synthetic as well as analytical chemistry, and also as a disinfectant. Oxidation 
by permanganate ion is applied extensively in organic syntheses. The extent of 
oxidation depends on the acidity of the medium. The heptavalent manganese changes 
to Mn(IV) in weakly acid solution while in strongly acid medium the permanganate is 
further reduced forming ultimately Mn(ll). Dunng this valence-change of manganese 
almost every conceivable intermediate ion has been suggested as participating 
oxidant. Manganesc(Vll). is an effective oxidant in bringing about the oxidation of 
inorganic and organic reductants in acidic, neutral, and alkaline media (reduction 
potentials of Mn(Vn)/Mn(II). Mn(VI])/Mn(IV), Mn(lV)/Mn(lII), and Mn(Ill)/Mn(ll) 
systems are +1.51, +1.69, +0.95. and ^1.51 V al 25 "C, in acidic media, respectively). 
Its reduction product is almost invariably Mn(Il). where as Mn(VI), Mn(V), Mn(lV), 
and Mn(I]I) are formed as an intermediate(s) |2, 3J. It has become clear that when 
manganous and organic substrates are initially present in excess, the reaction involves 
two processes [4-81. 
. . ^ reductant /-i i \ 
^^04 ^ lntermed,ate(s) (^ ^) 
reductant 
Intermediate(s) *> Mn(ll) ('1-2) 
Ihe stability and color of these species depends on the pH of the working solutions as 
well as on the nature of the reducing agents [9, lOJ. In weakly acidic solution Mn(VII) 
changes to Mn(IV). It has been reported on several occasions that the intermediate 
(IVln(IV)) could be H2Mn04^". H^MnOj. colloidal Mn02 or a phosphate complex [II, 
12|. Perez-Benito et al. and Freeman el al. reported the formation of relatively stable 
water soluble colloidal MnOi during the permanganate ion oxidation of organic 
substrates (formic acid [13[. triethylamine [ 14[) and carbon-carbon double bonds [ 15[ 
at 420 nm. 
Manganese dioxide (Mn02; brown substance insoluble in water) is one of the most 
attractive inorganic materials not only because of its wide range of applications in 
molecular sieves, catalysis, ion-exchange, biosensor and particularly energy storage 
but also because of its low cost and environmentally benign nature [16-19J. Due to 
general recognition that their performance is highly dependent on their morphologies 
as well as crystallographic forms, a variety of synthetic strategies (radiation-, 
chemical-, photo-, and electro- chemical) have been described for the preparation of 
water-soluble and water-insoluble colloidal and/or nanoparticles of manganese 
dioxide |20-24|. I he method of preparation of water soluble colloidal MnOi b> 
potassium permanganate and sodium thiosulfate, first prepared by Perez-Benito et al. 
|211. reportedly follows the stoichiometry shown in Kq. (1.3). 
8Mn04" +33203^' + 2 H ' *- SMnOj + 6 S o / " + H2O (1.3) 
The concentrations of permanganate (= 5.0 xlO"'' mol dm"'') and sodium thiosulfate (= 
1.87 xlO' mol dm"^ ) were in a stiochiometric ratio (8/3), for the use of a large excess 
of thiosulfate with respect to permanganate resulted in precipitation of MnOi. The 
solutions prepared with stoichiometric IMnO '^l and fSiOf"] were dark brown and 
perlectl} transparent, and remained stable for several years. 
Reactions between colloidal MnO: and organic rcductants, which play a key role in 
the redox cycling of manganese in the environment, can be accelerated or, initiated by 
photoexcitation |19, 25|. In these reactions irradiation in the UV-vis range promotes 
the reductive dissolution of MnO?. accompanied by the oxidation of organic 
pollutants in the system. Such electron transfer processes may decrease the 
concentrations of organic pollutants too. Kinetic and mechanistic studies of the 
oxidation of biomolecules, such as amino acids (cysteine, glycine, methionine) [26, 
27|. hydroxyl acids (lactic, oxalic, malic) (28-30|. fructose [31], ascorbic acid [32], 
paracelamol |33| and some organic compounds of environmental importance (phenol. 
resorcinoi. citric, tartaric and oxalic acids) [34] by water soluble colloidal MnO? have 
carried out to understand the role of Mn02 sols in absence and/or presence of 
surfactants. 
1.3. Oxidizing nature ofsilver(l) 
The chemistry of nanosize- and colloidal- metal particles in terms of their 
physicochemical properties in solution has come a long way and their importance in 
various field of chemistry and physics are unlimited [35-44]. The reason for using 
colloidal metal solutions was to apply these materials as catalysts for free radical 
reactions initiated by light or ioni/ing radiation. In these reactions, electrons are 
transferred across the particle-solution interface similar to electrode reactions in 
electrochemistry. The small particles are therefore referred to as microelectrodes. 
Various theories have been used for the preparation and characterization o\ small 
particles [45-49]. In colloid preparation, the hydrated electrons and reducing organic 
radicals that are generated in the radiolysis of aqueous solutions reduce dissolved 
metal ions, thus producing unusual valency states. 
One of the first examples studied was the reduction of silver(l): Baxendale and co-
workers [50] observed an absorption at 310 nm after application of a 0.1 |is pulse of 
high-energ> electrons to a 10" mol dm"' solution of silver sulfate and attributed it to 
the free sil\er atom produced in the reaction: 
Ag' + e^q ^ Ag° (1.4) 
which subsequently coalesce to form larger particles [40]. Most studies on the surface 
chemistry of metal particles have been made with silver, the reason being that the 
position and shape of the plasmon absorption band of this metal is strongly influenced 
by chemical modification to the surface. Whereas these changes can be used as 
sensitive indieators for the occurrence of an interaction between the metal particles 
and a dissolved substrate, the changes themselves are not yet understood in details 
|40|. The silver atom formed in the reaction of Eq 1.4 rapidly reacts with an Ag' ion 
to yield Ag2* (Eq 1.5) and the Ag2' ions dimerize (Eq 1.6). Ag4^ ^ undergoes further 
reaction to yield larger aggregates until Ags was formed in solution [51-53]. 
Ag^ + AgO ^ AQJ^ ( 1 5 ) 
2* ( 1 6 ) 2Ag2 ^ Ag 4 
2Ag4^' 
3+ 
2Ag7 
3+ 
2Ag7 
-"S-
Ag' + Agy^' ( 1 7 ) 
Agg + 6Ag ( 1 8 ) 
Agg + 5Ag* ( 1 9 ) 
In absence ol"a stabilizing polymer, the rate constants for reactions 1.5 and 1.6 are 8 x 
10'^  and 2.6 xlO'' mof'dm^ s"', respectively [40]. In absence of a polyanion. the 
grou4h stops at the stage of Ag4*'^ [54[. The cluster Agfi"*^  and other highly charged 
si her clusters have been detected in zeolites. In aqueous solution, the stabilizing 
elTect. exerted by the anionic charges in a zeolite cage, is not present. It has been 
established that exposure of zeolite-stabilized Ag(,"^  clusters to water results in 
fragmentation [55]. 
It was suggested by Henglein |40| that the sharp bands in the absorption spectrum 
of silver clusters disappear rapidly in presence of nucleophilic reagent whereas the 
strong plasmon absorption of larger metallic particles appears. In addition, the silver 
clusters were also stabilized by the small concentrations of polyanions and polymers 
(polyphosphate, polyacrylale. poly(vinyl sulfate), poly( vinyl alcohol), and 
polv(ethyleneimine) present in solution during their formation. The larger metallic 
7 
silver particles readily adsorb nucleophilic molecules which lead to changes in the 
optical properties of the particles. The oligomeric silver clusters are more reactive 
toward nucleophiles. The nucleophilic reagents promote the growth of clusters to 
vield larger metallic particles. It is well established that adsorption of nucleophile 
onto the surface particle increases the Fermi level of silver particle due to its donation 
of electron density to the particle |40. 56]. Similarly withdrawal of electron density 
from the particle surface by an eleclrophile lowers the Fermi level. As is 
schematically indicated in Fig. 1.1. a surface atom carrying an adsorbed molecule N 
will acquire a slight positive (6") charge. 
c 
CD 
O 
CL 
(D 
LL 
xN 
nAgN 
N 
Fig.1.1 Adsorption of a nucleophile N: schematic description of the 
adsorption /desorption equilibrium and accompanying shift of the Fermi 
potential. 
1 he shift of the Fermi level manifests itself as a drastically increased sensitivity of 
the metal particles toward oxidation. As soon as the solution comes into contact with 
air. the metal is oxidi/ed by oxygen. Organic electron acceptors, such as nitrobenzene, 
which in the absence of a nucleophile do not attack silver, oxidize it in the presence of 
an adsorbed nucleophile [57J. 
1.4. Role of polymers and surfactants as stabilizers 
Natural polymers, such as poly(ethyleneimine) and poly(vinylpyrrolidone). act 
via lone pairs of electrons. Raman scattering of the surface complex has also been 
observed in presence of poly(vinylsulfate) [58J. X-ray absorption and X-ray scattering 
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icchniques used to palladium particles stabilized b) poly(vinylpyrrolidonc) revealed 
that the electron density in the particles is enhanced by the polymer macroligand [59]. 
lor stabili/alion of small particles, the use of polymers, ligands. solid matrix and 
surfactants has been suggested |60-64]. Huang and his coworkers reported the role of 
carbonyl group of poly(vinylpyrrolidone) in the photochemical reduction of silver(I) 
|65], Rate of silver sol formation inversely depends on the [poly(vinylpyrrolidone)]. 
Mayer et al. |66J used the cationic polyelectrolytes for the stabilization of silver 
nanoparticles and reported the efiect of silver precursors Ibrmed in the course of 
reaction on the shape of silver nanoparticles. Kim et al. |67| chose various salts ol' 
silver (AgBF.|. AgPIv,. and AgClO.)) to stud) the effect of these salts on the rale ol" 
siKer nanoparticles formation. The initial fast reaction rate was reduced after ea. 10 
min. in presence of AgBF4, AgPFf,. and AgC104. where as in the case of silver nitrate, 
the reaction was slower but constants. Keki and his investigators, reported a method 
to the preparation of an extremely narrow size distribution of silver nanoparticles by 
using dendrimers as stabilizer [68]. Dekany et al. |69| prepared silver nanoparticles 
in aqueous silver nitrate solution by using hydroquinone and sodium citrate as 
reducing agents with neutral polymers poly(vinyl alcohol) and poly(vinyl 
pyrrolidone) as stabilizers.The reaction rate and the size of silver nanoparticles 
decreased with increasing polymer concentrations in the range 0.07-0.50 w/v%. The 
literature describing the preparation of siher nanoparticles is especially broad, since 
classical colloid methods are combined with modern nanotechnology leading to many 
procedures for particle preparation, control of particle size, and surface modification 
|70-75|. 
Although a number of stabilizers are available for the stabilization of nanosize 
particles in solution, these are associated with some demerits [76]. In this content. 
surfactant aggregates, especially micelles, reverse micelles and macroemulsions, will 
get an edge over other stabilizers [63, 77-79]. Surfactants role in bulk solution and at 
interfaces is of great importance in industrial processes involving paints, detergents, 
food chemistry, oil recovery and surface chemistry. Surfactants properties have 
attracted growing attention for use in biological and chemical research applications 
[80]. Researches on surfactant behavior are completely muhidisciplinary in nature. 
1.5. Surfactants and their Applications 
Surfactants (surface active agents) are molecules with a polar hydrophilic head 
(attracted to water) and a hydrophobic hydrocarbon chain (attracted to oil). Depending 
on the chemical structure of their hydrophilic head groups, surfactants can be neutral 
or negatively or positively charged. The alkyl chains of the hydrophobic parts 
typically contain between 6 and 20 carbon atoms. A schematic diagram of a typical 
surfactant is shown in Fig. 1.2. 
\\'zter IcvLEig lez 
t 
! 
\2zrt 
Gil loving tail 
-:poph:;!ic part 
HydropliGbEC part= HyclropooDe 
Fig. 1.2 Schematic diagram of surface active molecule. 
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If a surfactant is added to water, the hydrocarbon chains tend to self-associate to 
minimize contact with the water molecules, resulting in the formation of various 
colloidal aggregates (micelles, microemulsions, hemimicelles, monolayers, bilayers 
and vesicles) [81]. Aqueous micelles are spherical aggregates (4-8 nm in diameter) 
which are dynamically formed from amphiphatic (surfactant) molecules above a 
characteristic concentration (the critical micelle concentration, the CMC) in water 
(Fig. 1.3) [82-84]. These micelles can also form in solvents such as 1,2-dioIs and 
formamide; as well as in 100% H2SO4, D2O and in sol-gel systems [85-89]. As 
concentrations close to CMC, micelles are small and spherical. As the surfactant 
concentration increases they become larger, and after a certain concentration they 
elongate and convert into rod like micelles. The presence of salt or organic additives 
can also lead to this conversion of affect the conversion concentrations depending on 
the nature of the additives [90-96]. 
Stern layer 
Gouy Chapman double layer 
Fig. 1.3 A schematic representation of the regions of a spherical ionic micelle. 
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The aqueous surfactant solution has three components: surfactant monomers, 
micellar aggregates and monomers absorbed as a film at the interface. The surfactant 
is in dynamic equilibrium among all these components. Micelles are not of fixed 
entities but have a transient character. In an aqueous solution, micelles rapidly breali 
up and re-form by two known processes [97-101]. The first process occurs on the 
millisecond fime scale and is due to the release and subsequent reincorporation of a 
single surfactant from and back to the micelle. The second process occurs on the 
millisecond time scale and is ascribed to the dissolution of the micelle and to the 
subsequent re-association of the monomers. 
Surfactant Tail 
t Surfactant Head 
Surfactant Monomers Micelles 
Fig. 1.4 Schematic illustration of the reversible monomer-micelle thermodynamic 
equilibrium. 
Micelles are known to provide different microenvironments as there is a nonpolar, 
hydrophobic interior that can provide binding force for similar functionalities on the 
reactant and a polar, usually charged, palisade layer that can interact with reactant's 
polar parts [102]. Due to these facts, micelles alter the ionization potentials, 
oxidation-reduction properties, dissociation constants, physical properties, reaction 
rate, mechanism, and stabilize the substrates, intermediates or products. In addition, 
micelles serve as micro reactors as well as protective colloids, and thus control the 
particle size, solubilize the substrates surrounding the colloidal particles. The size of 
the microreactors and the size of the colloidal clusters can be controlled by changing 
the amount of solubilized water in reversed micelles [103-106]. One of the most 
important processes leading to micellar effects on reaction is the solubilization of 
substrates in micellar interiors. Water insoluble substances penetrate towards the 
hydrocarbon-like cores of the micelles. Micellar cores behave like an organic phase 
and the hydrophobic forces play an important role in the solubilization process [107]. 
The opposite holds for reverse micelles, i.e.. polar substances can be solubilized in 
different regions oi' reversed micelles depending on the nature of both the micelles 
and the solutes 1108-1111. fhe solubilization of substances in micellar media leads to 
a d>namic equilibrium of solute between micelles and the bulk phase. In presence of 
solute, the shape and size micelles are changed from spherical to ellipsoidal or 
rodlike. 
Quaternary ammonium salts used as a phase transfer catalysts (the term phase-
transfer catalysis was coined to describe reactions, which are mediated by small 
quantities of agents, that transfer one reactant across an interface so that a reaction can 
take place) have much in common with the surfactant quaternary ammonium salts 
used in a micellar s\stem. Cordes and Dunlop |112| reported the kinetic effect of 
certain surface-active quaternar) ammonium salts during the micelle formation. 
Aqueous solution of permanganate in crown ether and benzene is stable and has been 
extensively used in the oxidation of organic compounds. Herriott and Picker |113| 
investigated the oxidation of organic compounds by permanganate in benzene using 
tricaprylmethylammonium chloride and suggested that two-phase systems can be used 
directl) in presence of ammonium ion to maintain the permanganate concentration in 
the organic phase. 
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1 he extensive researeh in finely dispersed metallic partieies has clearly established 
that the si/e. combination, and internal structure strongly affect their properties in 
both dispersed and condensed states |114|. A large number of methods have been 
used for the preparation ultra-small metal nanoparticles , such as molecular beam 
epitaxy [115|. chemical vapor deposition |116], reduction by ionizing radiation [40]. 
thermal decomposition in organic solvents [117]. chemical or photo-reduction in 
reverse micelles [118], and chemical reduction with [119] or without stabilizing 
polymers [120] . The colors of the silver colloidal sols vary depending on the method 
oi' preparation and the state of aggregation, Silver nanocrystallities, mostly hydrosols 
are widely studied because of their applicability in surface-enhanced Raman 
scattering [72. 121.122] and their use in the photographic process |]23|. Prolate 
spheroids and bispherical particles are particularly effective in surface-enhanced 
Raman scattering [124,125|. 
1.6. Mechanism of silver nanoparticles formation 
Goia ct al. 1126-129] reported a method for the preparation of uniform, well-
dispersed isometric and anisotropic silver particles of various morphologies by 
reducing highly acidic silver nitrate solutions with ascorbic acid in the presence of a 
sodium naphthalene sulfonate-formaldchyde copolymer as dispersing agent. The 
formation of these two types of silver particles depends on the addition rate of the 
ascorbic acid or temporarily discontinued. 1 hcsc investigators also suggested a 
mechanism for the formation of large polycrystalline silver particles of different 
shapes (1-ig. 1.5). 
In both mechanisms, first step is the formation of nuclei. In the second step, the 
nanoparticles, once formed, aggregate, and under specific conditions may even end up 
as uniform colloids. The aggregation mechanism is dominant in many processes 
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yielding colloid particles of different chemical compositions. The aggregation process 
along with silver atoms in the system (as in the case of a low addition rate of the 
reducing agent), and allows for the incorporation of these nanosize 'satellites' into the 
larger anisotropic particles, yielding crystal-like tabular platelets (Fig. 1.5). 
crystalline 
anisotropic particle 
o 
o o o ne" 
o 
o o 
Me"" 
o 
polycrystalline 
anisotropic particle 
polycrystalline 
isotropic particle 
Fig. 1. 5. Schematic presentation of different mechanisms for particle formation 
The chemical literature contains abundant repots aimed towards understanding the 
role of a- amino acids in the synthesis and characterization of different shaped and 
sized Au- Ag nanocomposites and their nanoparticles [130-135]. Zhong et al. [131], 
reported the surface chemistry of Au colloids in presence of different amino acids and 
suggested that basic side chain amino acids (glutamine, arginine, lysine, histidine, 
cysteine, methionine, and tyrosine) can acts as cross-linking agents for pairs of Au 
particles where as the amino acids with non polar (alanine) and acidic side chain 
(aspartic and, glutamic acids) produced no change in the spectra of Au-nanoparticles. 
Glycine acts as a capping agents and that stabilizes the Au core-Au-Ag nanoparticles 
[130]. 
1.7. Reducing nature of amino acids 
The oxidation of amino acids by permanganate with hydrophilic and hydrophobic 
side-chains is particularly interesting because -NHT and -COOH cleavage products 
(C'Oi. ammonia and corresponding aldehydes) have been reported |2, 14. 136|. The 
reaction pathways and the fmal oxidation products depend on the experimental 
conditions and the nature of the side-chain of amino acids. Aromatic side chain amino 
acids were oxidized more rapidly than the alkyl side chain amino acids |137. 138|. 
Amino acids are known to provide different coordination sites: at the N-. 0-, and S-
centers that can coordinate with a variel) of metal ions. Sulphur has been established 
as the most susceptible to gain electrons from the oxidizing agents |139J. The 
reactions of silver and gold ions with sulphur containing amino acids (methionine, 
and cysteine) have been investigated for several reasons |131, 134. 135|. Methionine 
has rich applications in rcdox-and surface-chemistry as a reductant and a stabilizer 
|I4()|. I he literature describing the preparation of silver nanoparticles is especialK 
broad, since classical colloid methods are combined with modern nanotechnology 
leading to many procedures for particle preparation, control of particle size, and 
surface modification [12-18J. Silver nanoparticles have been object of great interest 
for decades due to their use in catalysis, photography, photonics, electronics, labeling, 
imaging, sensing and surface enhanced ramanm scattering. Silver nanoparticles 
capped various stabilizers (surfactants or polymers) have been widely studied [141-
145|. Surprisingly, despite a large body of information being available on the 
preparation and characterization of silver nanoparticles by the chemical methods, 
studies on the kinetics of surfactant stabilized silver nanoparticles formation have not 
attracted due attention. 
1.8. Statement of the problem 
Surfactant properties have attracted growing attention for use in biochemistry, 
biological and chemical research applications [80J. The utilization of surfactants as a 
reaction media alTects reaction rates, position of the chemical equilibria, products, and 
some cases stereochemistry of the reactions |82. 951. Surfactants micelles in aqueous 
media resemble en/ymes in that they possess distmct regions of hydrophilic (water 
soluble) and hydrophobic (water insoluble) character. Micelles are known to provide 
different microenvironments as there is a polar, usually charged, palisade layer and a 
non-polar, hydrophobic interior. The investigations of coupled systems composed of 
electron transfer reaction and micelle-forming surfactants may contribute in a unique 
way to our understanding of the redox processes of electron transport enzymes. In 
viev\ oi' analogies drawn between micellar and enzyme catalyses, the micellar 
catalysis has received consideration attention [96. 102|. 
Solution based s\nthesis and use of metal oxides nanoparticles. however, require 
special mention due to the low cost, convenience and use uithoul additional templates 
and apparatus. As such, the small metal particles in solution have been found 
advantage over the water-insoluble forms because UV-vis spectrometric methods can 
be used to monitor the optical changes that accompany the surface reactions. 
Solutions ol' nanometer large particles are transparent and the scattering of light can 
be neglected. The presence of HCI, silver inos as well as reducing agents in seed 
solutions, strong reducing nature of amino acids towards transition metal ions oxidant, 
and the tendency of Ag-ions to form a variety of complexes with amino acids, all 
combine to give systems of considerable complexity. It was, therefore, thought to be 
o\' interest to investigate the oxidation of biomolecules with a \iew to having an 
insiuhl into the reaction mechanism and role oi' individual biomolccule in the 
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formation of water soluble colloidal and/or nanoparticles. Recoganising the 
importance of manganese and silver in surface chemistry, we have chosen to study the 
kinetics of nanoparticle formation during the reduction of permanganate and silver(I). 
for this purpose, we use three different types of biomolecules, namely phenylalanine, 
methionine, ascorbic acid, and thiourea. 
1 he oxidation kinetic studies were carried out under the following reaction 
conditions. 
(a) I'MTect of oxidant / reductant concentration. 
(b) 1-fleet of surfactants, 
(c). fMTect of electrolytes. 
(d)HlTectofpH. 
1 ransmission electron microscopy (TliM) vvas used to determine the size of the 
nanaoparticles. A qualitative study of the reaction products was also done. 
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EXPERIMENTAL 
27 
2.1. .Materials and instruments 
Oxidants (alanine, ascorbic acid, methionine, plienyl alanine, thiourea, and 
disodium salt of ethylenediaminetetraacetic acid), reductants (potassium 
permanganate and silver nitrate), surfactants (cetyltrimethylammonium bromide, 
sodium dodecyl sulphate and Triton X-100), manganese(ll) chloride, mercuric (II) 
chloride, sodium chloride, sodium bromide, sodium nitrate, sodium perchJorate and 
minerals acids (perchloric and sulphuric) were commercial products and were used to 
prepare stock solutions without further purification (Table 2T). Doubly distilled (first 
time from alkaline KMnOa), deioni/ed and COj - free water from an all glass 
apparatus was used as the solvent, fhe solution of lT)'fA was stored in a polyethylene 
(as its solution gradually leaches metal ions from glass containers), fhe solution of 
KlVln04 was boiled and filtered into a black bottle for storage and standardized by 
titration against sodium oxalate. Ascorbic acid solution was prepared daily (to arrest 
the aerial oxidation) in boiled and cooled water. Harrold method |1] was used to 
check the purity of CTAB and SDS. UV-Visible Spectrophotometer, UV-260 
Shimadzu, with 1cm quartz cuvettes was used to monitor the appearance and 
disappearance of the absorbance of the working reaction mixtures under different 
experimental conditions. Transmission electron microscope (JEOL, JEM-1011; 
•lapan) was used to determine the size and shape of the silver and MnOi nanoparticles. 
Samples were prepared b) placing a drop of working solution on a carbon-coaled 
standard copper grid (300 mesh ) operating at 80 kV. An Accumet. Fisher Scientific 
digital pH meter 910 fitted with a combination electrode was used for pH 
measurement. 
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2.2. Preparation and characterization of water soluble nanosize MnOj particle 
The water soluble colloidal MnOi was prepared according to the reported method 
o o ") 
121. The required volume of KMnO_, (10 cm"^ , 1.0 x 10" mol dm''') was added 
3 -3 
slowly to a standard solutions of methionine and/or thiourea (10 cm , 1.0 x 10 mol 
dm'"') and the reaction mixture was then diluted by the required volume of water. 
The resulting perfectly transparent dark brown solution is quite stable for several 
months. The formation of colloidal Mn02 was tested by adding minimum amount 
of different electrolytes necessary for precipitation. The observed MnOi nanoparticles 
and/or (quantum dots) are spherical and of uniform particle size ca. 4 nm (vide infra). 
2.3. Preparation and characterization of Ag-nanoparticles 
In a typical experiment. AgNO ,^ (3.0 cm'. 0.01 mol dm"'). C'I'AB (3.0 cm\ 0.01 
mol dm""'), and ascorbic acid (3.0 cm'. 0.1 mol dm"') were mixed at room temperature 
(23 'C). 'fhe reaction volume was always 50 cm with water. After some time, yellow 
color appeared as the reaction proceeded. The TEM images were recorded using 
fransmission electron microscope (JEOL, JEM-1011; Japan). The TEM pictures 
observed after adding the ascorbic acid in presence of CTAB, silver nanoparticles 
are spherical and of uniform particle size (ca. 50 nm) (vide infra). 
2.4. Kinetic measurements 
The required solution of all the rcactants (except reductant(s)) was taken in a two-
necked reaction vessel equipped with a double-surface condenser to prevent 
evaporation. The reaction vessel was kept immersed in the oil bath thermostated at 
desired temperature and the solution was left to stand for a sufficient time to attain 
equilibrium. The reaction was initiated with the addition of required volume of 
thermally equilibrated reductant(s) solution. The zero time was taken when half of the 
reductant(s) solution has been added. The progress of the reaction was followed 
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spectrophotometrically by pipetting out aliquots at different time intervals and 
measuring the decay the absorbance of MnO j^' at 525 nm. The kinetic runs were 
normall}' followed up to 80% completion. The values of the rate constants were 
calculated from the slopes of log (absorbance) versus time under pseudo-llrst- order 
conditions. To maintain the pseudo-t'irsl order conditions, the [reductantj was always 
kept in large excess (10) over [MnO'aj. The results were reproducible to within ± 4% 
with average linear regression coefficient, r = 0.998. On the other hand, the absorbance 
of silver sol formation was monitored at 420 nm. The pseudo-first- order rate constants 
(kohs. s') were determined by using kob, "= (2.303 /1) log {(Aa - Ao) / Aa - A,)} of the 
reaction with the help of a computer program, where A| is the absorbance at time t and 
A„ is the final absorbance, with a fixed time method. The pH of the reaction mixture 
was also measured at the end of each kinetic experiment and observed that pH drift 
during the formation of silver particles is very small (with in 0.05unit). 
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Table 2.1. List of chemicals used in the present study. 
Name Abbreviation Make %Purity 
Oxidants 
Potassium permanganate 
Silver nitrate 
Reductants 
Phenyl alanine Phe 
Methionine 
Ascorbic acid 
Disodium salt of 
lilhylenediaminetetraacetic acid EDTA 
Thiourea 
Surfactants 
Cetx'llrimethvlammonium bromide C! AB 
Sodium dodeeyl sullate 
Poiveth\lcnegIycol-t-
octylphenyl ether 
Salts 
Sodium bromide 
Sodium chloride 
Sodium nitrate 
Sodium lluoride 
Manganese(Il) chloride 
Acids 
SDS 
TX-lOO 
Perchloric acid 
Sulphuric acid 
E. Merk (India) 99 
Merk (India) 99 
K. Merk (India) 99 
Loba (India) 
Loba (India) 
99 
99 
E. Merk (India) 99 
E. Merk (India) 99 
Sioma(lJSA) 99 
Fluka (Switzerland) 98 
Fluka (Switzerland) 98 
E. Merk (India) 99 
E, Merk (India) 99 
E. Merk (India) 99 
S.D. Fine (India) 99 
Qualigens (India) 99 
Thomas baker 70 
Solution 
E. Merck (India) 98 
2.5. Product identitlcation 
2.5.1. Phenyl alanine 
In order to confirm the oxidation product of Phe, required amounts of 
permanganate and Phe mixed at 30 "C and diluted to 25 cm^ After completion of 
reaction, a saturated solution of 2, 4-dinitrophenylhydrazine in 2 N HCl was added in 
ihc reaction mixture. I'he yellow residue was filtered and washed with ethanol. The 
compound was analyzed by its l.R. spectrum and was identified as the 2. 4-
dinUrophcnylhydra/one of phenylacetaldhvde (*r - N and *CI10 are 1730 and 2930 
cm' ). Ba (011)2 | 3 | and Nessler. s reagent |4) were used to see the formation of other 
oxidation products, / e. CO2 and NH3. respectively. A spot test was negative for the 
corresponding aromatic carboxylic acid under our experimental conditions. 
2.5.2. Methionine 
1-or the oxidation product of methionine, the reaction mixture containing 
1 methionine I (= 2.0 x 10 mol dm ) and [Mn04"J (=^  1.0 x 10 mol dm ) was 
heated at 30 "C for 2 hrs. The oxidi/ed reaction mixture was treated with sodium 
bicarbonate solution, Ibllowed b\ ben/ovlchloride. Ihis resulted in the formation of 
precipitate N-benzoylmethionine sulphoxide which was confirmed by the reported 
method |5 | . Under our kinetics experimental conditions, CO, and NH3 were not 
detected as the oxidation products of methionine. 
2.5.3. EDTA 
After completion of the reaction between concentrated solution of EDTA. 
permanganate and HCIO4, the resultant mixture was distilled. The distillate was 
collected in a saturated solution of 2,4-dinitrophenylhydrazine in 2N HCl. The 
precipitated 2,4-dinitrophenylhydrazone was filtered, washed and dried. The 
procedure was repeated with known amounts of formaldehyde under the same 
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conditions. The compound was analyzed by its I.R. spectrum and was identified as the 
2.4-dinitroplienylhydrazone of folmaldehyde [6]. The formation of CO2 and 
eihylenediaminetriacetic acid were identified by the reported methods |3. 4J. 
2.5.4. Thiourea 
fhe main oxidation product of thiourea was characterized as follows: solution 
of thiourea (= 2,0 xlO'" mol dm"") was added to a solution of silver particles (= 6.0 
xlO'* mol dm' ). After the completion of reaction (reaction mixture turned yellow to 
colorless). 10 cm' elhanol was added followed b\ concentrated IICI. After 2h, white 
crystals was filtered and uashed. fhe compound was identified by its i.r. spectrum 
and was conformed as the dithiol bis(formamidinium) |7]. 
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3.1. Introduction 
Amino acids llnd a number of applications in metabolism, nutrition. Fortification 
o( seeds and biochemical research. It has been recognized that amino and carboxyl 
functional groups of amino acids undergo chemical transformations while the side 
chain (hydrocarbon moiety) remains intact .Amino acid side chains of proteins also 
pla\ essential roles in molecular recognition, information transfer and catalysis. The 
properties o\' the side groups oi' aromatic amino acids in metal complexes are 
particularly interesting, because lhe> can be involved in interactions with the central 
metal ion as well as other aromatic rings. Aromatic amino acids are important starting 
materials for the biosynthesis of neurotransmitters [11. On the other hand, amino acids 
with aromatic side chain were oxidized more rapidly than the alkyl side chain amino 
acids 12. 3|.The permanganate oxidation of amino acids in strong acid media, in 
neutral and weak basic solutions and in weak acid media has been investigated [4 -
151.However, the details of permanganate oxidation of aromatic side chain amino acid 
(phenvlalanine) are not yet known in the presence oi'micelles forming surfactants. 
PhcnUalanine is a non charged hydrophobic amino acid; the hydrophobic side 
chain (phenyl group) confers that phe is found in the Palisade-layer of the 
miclles.Differnt tvpes of noncovalent interactions involving phe is possible in the 
micelles:(i) hydrophobic interactions between aliphatic and aromatic nonpolar groups; 
(ii) electrostatic interactions between oppositel) charged groups; (iii) interactions 
between an aromatic ring and the micelles core. Wc have undertaken a careful study 
oi^ the oxidation of phe by MnOa" in absence and presence of cationic micelles of 
cetlytrimcthylammonium bromide. The aims of the present study are (a) to identify 
the role of aromatic ring; (b) to establish the effect of CTAB micelles and (c) to 
propose a convincing reaction mechanism through kinetic measurements. 
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3.2. Results and discussion 
3.2.1. General considerations 
Generally, H2SO4 and HCIO4 are used as sources of hydrogen ion in the redox 
reaction of permanganate. To maintain the concentration of the H^  ion constant, HCl 
cannot be used as a source of iT ion. 'fhe solution of CTAB became turbid in 
presence ol' HCIO4. Therefore, the effect of HCIO4 could not be studied due to the 
solubihl) problem. Prehminar\ obscr\ations showed thai oxidation of phe (- 2.0x10" 
mol dm ') by Mn04'( l.Ox 10 ' ' mol dm"' in the presence of II2SO4 (" 9 .0 xlO'' to 
10.8 xiO"" mol dm"' was not observed even alter prolonged incubation at room 
temperature. (^ 30 C). Under our experimental kinetic conditions, no noticeable 
change in absorbance of Mn04' was seen even after 2 h .On the other hand, it was 
observed that pink color of Mn04" becomes colorless immediately after the addition of 
small amount of CTAB (= 20.0 xlO' mol dm" ) in the reaction mixture containing 
|Mn04"| (- l.Ox 10"'' mol dm"^) . |phe] (= 2.0 xlO"^  mol dm"^) and [H2SO4] (= 7.2 
xlO"' mo 1dm" ) at 30 C. Therefore, choice of the best experimental conditions for 
ihe kinetic experiments is crucial problem that we address first. In order to examine 
the ctfecls of the variables, experimcnls were tried at 0 5x 10 " to 2,5 xK)' mol dm'\ 
1 0 xJO" to 6 0 xlO"* mol dm \ and 1 0 -^ lO"'' to 20.0 xlO"' mo IdnT'. respectively, oi' 
Mn04. phe and CTAB. It should also be emphasized here that reactions were studied 
without adding H2SO4. The kinetic data covering the wider range of concentrations 
confirm that this reaction has complicated features, 'fhese data are summarized in 
lables 3.1- 3.3 and Figs. 3.1 to 3.4.The stoichiometry of the reaction as determined by 
spectrophotometric titrations measuring the absorbance of unreacted Mn04' was 
found to be 2:5. i.e.. two moles of Mn04" reacts with five moles of phe. The cmc 
values of catiomc surfactant (ClAB) were found to be 10.0, 8.8 and 8.9 x]0"^ mol 
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dm" respectively, lor water, IVIn04" ( 1.0 x 10"* mol dm') and phe (- 2.0 xlO'' mol 
dm") as determined by conductrometicall> at 30 "C. 
It is well established that ionic micelles shows a marked dilTerence in the 
elTectivc local pH to exist at its micellar surface over that in bulk aqueous solvent 116| 
(pi 1 shift by about plus two units is expected at the surface of CTAB micelles with 
respect to the bulk pH and control of pH is not as straightforward in micellar solutions 
as in ordinary solvents [17|. However, a series of experiments were also performed in 
order to sec any change in the pll of the working in presence of |CTAB].rhe pH 
values was found to be nearlv constant with increasing |C'1'AB| and |Phe| ( weak 
acid; pK| - 2.58; pKi - 9.24 ). The observed values of pH are given in fable 3.3. On 
the other hand, no change in pll values of the working solution containing fMn04') (= 
l.Ox 10"* mol dm"^). |phej (= 2.0 xlO'' mol dm"') and |CTAB] (- 4.0 xlO'^ mo Idm"^ ) 
at 30 C was also observed 
3.2.2. Effect of |Mn04 ] on the rate constant 
The effect of varying [Mn04'j on the reaction rate was studied at constant |phe| 
( 2.0x 10"^  mol dm'^), [CTAB] (= 4.0x 10"^  mol dm"') and temperature (- 30 "C). The 
rale constants values were found to be independent on |Mn04"] (Table 3.1), indicating 
that all kinetic runs with an excess of |phe| exhibit pseiuJo-fwsX order kinetics with 
respect to |IV1n()4"|. 
3.2.3. F^ ffect of |phe] on the rate constant 
fhe reaction was studied as a function of [phej at constant [Mn04'J (=1 .^10 ' 
mol dm"'), ICTABJ (- 4.0x 10"^  mol dm"') and temperature (= 30 ''C). The kobs values 
are given in Fable 3.2. A plot of kohs versus |phe| is nonlinear passing through the 
origin. However, slope of the double logarithmic plot between kobs and [pheJ was 
found to be 0.67, indicating the order to be fractional with respect to [phe]. On the 
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olhcr hand, the plot of 1/ kob^  versus 1/ |phc| was Hnear with positive intercept a y 
axis (Fig.3.1.). Such plot is indicative ofMichaelis-Menten behavior (kinetic proof for 
complex formation between permanganate and phenylalanine). At different IH2SO4]. 
(lil2SO.1l | i r | ) in the range 1.8 x 10"' to 10.8 x\0'~ mol dm"^  and at constant 
concentration of other variables in presence of CTAB, kobi, values increased with in 
llhSOtI (kob. X 10^  - 0.7. 1.4, 2.2. 3.4. 4.6. 4.2, and 3.8 s"' at IH2SO4I - 0.0, 1.8, 3.6, 
5.4. 7.2. 9.0. and 10.8 x |0 ' ' mol dm'\ respectively). 
3.2.4. Effect of |CTAB| on the rate constants 
fhe surfactant. |C1.AB| was varied in the range o( I,Ox 10"'' to 20.0 xlO"'* mol 
dm"' at 30 "C keeping all other reactanl.s concentration and conditions constant (1 able 
3.3). Absorbancc of a series of permanganate solutions were measured at 525nm in 
absence and presence of |Phe] (=2.0 x]0'^ mol dm"'). The observed results in form of 
absorbance versus (CTABj are represented in Fig.3.2. The absorbancc of the reaction 
mixture first increases until it reaches a maximum, and then decreases with |CfAB| 
in absence and /or presence of [Phe]. The increase in absorbance with |CTAB] may 
be attributed to the ion- pair formation between MnOa" and CTAB aggregates and 
incorporated into the Stern layer of CTAB micelles through electrostatic interactions, 
fhc decrease in absorbance at higher |C fAB| (< 12,0 x 10" mol dm"^ ) may be due to 
the dilution effect in absence of |Phc|. On the other hand. |CTAB| (> 2.0 xlO"'' mol 
dm"'), the decrease in initial absorbance is due to the fast oxidation of phe b> MnOa . 
In all kinetic experiments, the plot of log (absorbance) versus time, with a straight line 
profile were obtained up to 80% completion of the reaction (Fig.3.3). This 
characteristic suggests the nonexistence of an autocatalytic reaction path in the 
oxidation of phe by Mn04"in presence of [CTAB] (- 4.0x10"^ mol dm"'). 
Il is well know ihat micelles inhibit and /or catalyses the rates of all kinds of 
chemical reactions (substrate solubilization and reactive counter ion binding to 
micelles are responsible for the role of micelles) [18-211. It was observed that addition 
oi' small quantity of CTAB gives a pronounced rate catalysis (Fig 3.3). On the other 
hand, surprisingly, beyond a certain concentration. CTAB has inhibitory effect. A 
quite noticeable effect observed for |CTAB] (> 10.0 xlQ"'' mol dm"'^ ). The plot of kobs 
vt'/-.sM.s |CT.AB| indicate the CTAB effects, ie , submicellar (catalysis) and micellar 
(inhibition) .from l"ig. 3.4. one can see that the reaction rate increases with |CTAB| 
for C 1 AB concentrations lower than cmc. On the other hand, micellized C'fAB has 
inhibitory effect on the oxidation rate. The observed data reveal a nearly six-fold 
increase in rate constant with the increase in [CTAB] from l.Ox 10" to 10.Ox 10""^  mol 
dm"' where as at higher [CTAB] (> 10.0 x 10"^  mol dm'^ ) reaction rate strongly 
inhibited, fhe kinetic cmc of CTAB is lower in water (vide supra), suggesting that 
reactants interact with the CTAB, and submicellar aggregates may be formed 
112[.The Mn04" and reactive species of phe forms an ion- pair with the positive head 
groups of CTAB aggregates (dimmers, trimers. tctramcrs. elc.) .These small sub-
micellar aggregates can interact ph\sicall}' with the reactants forming catalytically 
active entities. Therefore, ionic micelles behaving as electrol}tes exert kinetic salt 
effects and affects reaction rates in the aqueous region [21]. The observed inhibitory 
effect of CTAB micelles may be explained in terms of the pseudophase model of 
micelles (Scheme 3.1) proposed by Menger-Portony |18]. The assumptions involved 
in this model, the advantages, and the disadvantages are critically discussed by 
Bunton [20,21]. 
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Scheme 3.1 Solubilization of permanganate with the micellized CTAB 
where k„ and k„i are the llrst-order rate constants with respect to permanganate in 
aqueous and micellar pscudophases. respective!). K^  is the micellar binding constant 
and |Dn| ICTAE I^ - cmc. Scheme 3,1 vields l-q. (3.1). 
k,bs (3 1) 
l{q.(3.1) can be rearranged to give Hq.(3.2) . which may be used to calculate K^  and 
( 3 2 ) 
k - k „ k„ -k„ \v oh' (ku-kJKsH^nl 
According to liq. (3.2). the double reciprocal plot between k«- kobs and |l)n| should be 
linear. But. no linearity was found between k^- kobs"' and ID,,]"' implying that the 
model is inadequate. As the reaction rate decrease monotonically in the micellar 
pseudophase of CTAB micelles, k„i can be neglected in Scheme 3.1 [221, which 
resulted in Fq. (3.3): 
1 1 l^ slDnJ 
+ ( 3 3 ) 
K.h. k„ K 
According to Eq. (3.3). the plot of 1- k^ bv versu.s |Dn| should be linear (Fig.3.5).The 
\alues of Ks and k„ calculated from slope and intercept are 1127 mof dm' and 7,lx 
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10"^  s "'. The large value of Ks suggests that the MnOa" is strongly bound to the 
positive head group of CTAB micellar phase through electrostatic interactions. The 
kt;;,i values were calculated by substituting the k. K. and |Dn] values and compared 
with keni \alues (Table 3.3). The close agreement between kohs and keai provides 
supporting evidence for the proposed role of ('TAB micelles (Scheme 3.1) and to 
f,q.(3.I). 
3.2.5. Mechanistic interpretation 
It is known that phe exists in the form of cationic (PhCIbCHCNfb^jCOOH). 
/.witter ionic (PhCH2CH(NH3')CO()) and anionic (PhCH2CH(NH2)COO") forms. 
I'he ratio of these species depends upon the pH of the working solution, 'fhus, under 
our experimental conditions (pH -^  5.15) zwitter ionic species to be the reactive and 
major existing species. Also, the aqueous solution of permanganate is an equilibrium 
mi.xture of MnCf and HMnO.| species 123). Based on the observed facts, a 
straightforward reaction mechanism is put forward which involve a complex 
formation between /.witter ionic species of phe and MnO.) (Scheme 3.2). 
K 
•CH.CHCOO- + MnO; T :—' -— phenylalanine -MnO; ( 3.4 
^NH, 
(complex) 
complex 1 - * ! ^ Mn(Vl) + <f yCH^CHCOO (3.5) 
'NH3 
(unstable) (radical) 
fast 
-C1UCIIC00' <'/ V-CI1,CI1N11, ^ CO, i36 
'Nil. 
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• ^ fast / / \ \ , + 
-CH2CHNH3 + MnO; ^ / / \)-CFLCH^^ NH, + Mn(Vl) (3.7 
(imine cation) (unstable) 
imine cation + H,0 ^ (( \)-CH,CHO i Ni l / (38 
Mn(lV) W/ \ ) -CH3CHC00--^^^Mn(I l l ) +(/ yCH^CHCOO (3.9 
^NHj 'NH3 
fast 
-CH-,CHCOO'+Mn(l]]) ^ Mn(ll) + radicle (3.10) 
(Reactions (3.6) to (3.8) then follow) 
Scheme 3.2. Mechanism for the oxidation of phe by permanganate 
In Scheme 3.2, F:q. (3.4) represents the formation of a complex between the reactive 
species of the reaclants. In the rate determining step (Kcj.3.5). the complex undergoes 
oxidative decomposition leading to the Ibrmation of Mn(VI) and free radical. Finally. 
Mn(Vl) may hydrolyse to Mn(IV) species ( 3MnO'"4 -^  2H2O -^ 2Mn0'4 + Mn02 + 
4011') which is commonly involved in the Mn(34" oxidation of organic reductants 
|24]. In presence of excess of phe, Mn (IV) immediately converted into the stable 
product. It is worth mentioning that Scheme 3.2 mechanism is valid only for the 
oxidation of phe by permanganate in absence of externally added H2S04..The rate 
law. which can be deduced from the proposed mechanism (Scheme 3.2), is 
k K^ , I phenylalanine I 
(3 11 
1 * K^  (phenylalanine! 
1 q. (3 11) is in complete according to the observations, and thus supports the 
mechanism The derived rate law is onl\ known to appl) in absence of IH2SO4I. On 
rearrangement l-.q (3,1 1) can be written as 1-q. (3.12) 
obs k K^ [ phenylalanine] k 
According to Eq. (3.12), a double reciprocal plot between kobs and [phe] should be 
linear with positive intercept = 1/ k and slope = 1/ K^ k .This has been found to be 
case (Fig. 3.1). Another point of interest is that this mechanism satisfies the Michaelis 
Menten relationship .fhe values of k (~-= 5.8 l^O"^  s"' and Kc '- 319 mol"' dm"' have 
been calculated from the intercept and slope of Fig. 3.1. Substituting the values of k. 
K^  and |phe| in 1-q. (3.11). k^ i^ ha\c been calculated for various kinetic runs (fable 
3 2) 1 he close agreement between kobs and k^ ,,! provides supporting evidence to the 
proposed mechanism (Scheme 3.2) 
3.2.6. Effect of inorganic electrolytes 
fhe overall inhibition or catalysis factor is highly sensitive toward the 
concentration of added counter - ions. Micellar catalysis of bimolecular reactions is 
generally reduced by adding inert salts and the effects depend largely and the nature 
of counter - ions to the micelle. The salt effect upon the oxidation phe by Mn04" in 
cationic micelles of CTAB follows the expected pattern (Fig. 3.6). NaBr. NaCl and 
NaNOs are effective inhibitors where as H2SO4 is an effect catalyst (lable 3.3). In 
discussing the wa\ in which salts inhibit the CIAB cataly/cd reaction, we speculate 
that the anion o\' the salt (Br. CI. and NOD lends to exclude phe from the 
neighborhood of the cationic micelles. In the present situation, exclusion o{ the 
reactive species by added salts follow the retardation trend kob. (NO]') < kob, (Cf) < 
44 
kobs (Br") at lower concentrations of these unreaclive anions. The degree of counter-
ions binding depends on several factors |25]. Counter-ions interact with the head 
groups of micelles not only electrostatically but also hydrophobically and 
coulonibically. From Fig. 3.6 it appears that the relative degree of anion inhibition is 
quite general: the larger the anion the lower is the charge density possessed by the 
anion and the larger the inhibition at higher salts concentrations ( kobs (NO3') < kobs 
(Br')< kobs(Cr)). The salt effect can be considered to be due to a competitive binding 
of the anions present with the micelle. I-l2S()4 produce a catalytic elfect. which is 
consistent with the evidence that IHMnOal increases with |ll2S()4| which, in turn, 
increase the kobs values (Table 3.3). At higher H2S0}. kobs decreases, which due to the 
exclusion of reactive species from the reaction site. These results confirm that both 
reactants (MnO^' and phe) are incorporated to micelles of CTAB. because only in 
relati\el}' high concentrations do competmg anion drive then out of micelle. 
3.2.7. Probable role of CTAB 
Fig. 3.4 shows that the kobs values decrease with [CTABj (> 10.0 x lO""* mol 
dm"). The inhibitory effect is due to the exclusion and or dilution of reactants from 
Stern la>er of micelles. The three important laciors (electrostatic, hydrophobic, and 
h\drogen bonding) seem to play an important in bringing the reactants together in the 
small volume of the micellar pseitdo - phase. In the present case, electrostatic and 
hydrophobic factors are responsible for the incorporation and solubilization of Mn04' 
and phe into the micellar phase. Phe gets incorporated hydrophobically into the 
micellar palisade layer (a few carbon atoms deep toward core). On the other hand. 
Mn()4' may be assumed to be totally present in the Stern layer due to the ion- pair 
ibrmation with the positive head group o\^ CTAB micelles. Formation of ion - pair 
between the - COO" group of phe and positive head group of cationic micelles of 
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C TAB can not be ruled out completely. It can now be stated confidently that the 
electron transfer between phe and permanganate occurs in the palisade - Stern layers 
junctural region of CTAB micelles. For the oxidation discussed here solubilization of 
Phe is increased by using more surfactant due to the presence of nonpolar aromatic 
ring, but, with a fixed total [Mn04']. dilution in the micellar pseudo - phase decreases 
the overall reaction rate because medium polarity and water content play an important 
ii)lc in the redox reaction ol'the anionic oxidants with hydrophobic organic reduclants 
122. 26. 271. The orientation and solubilization of both reactants by the cationic 
micelles can be represented schematicall} in Scheme 3.3. 
^X 
\Vhere» -N(CH]), 
Scheme 3. 3 Probable reaction site lor the oxidation of Phe by permanganate in 
presence of CTAB micelles 
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3.2.8. Comparison with alanine 
In order to compare the reactivity of Phe. a series ol' kinetic runs were also 
peribrmed for the oxidation of alanine by MnO'4. Under our experimental conditions. 
|MnO"4| (= l.Ox 10"^  mol dm'^), [phe] (= 2.0 xiO"^  mo! dm" )^, temp. (= 30 "C), and 
III2SO4J (-^ 0.0 mol dm'^). the oxidation rate of alanine are 0.0. 0.1, 0.4, and 0.5 x 10'"' 
s"' at 0.0. 6.0, 8.0, and 10.0 x JO"* mol dm"' of CTAB, respectively, whereas the 
oxidation rate of Phe are 0.0, 1.5, 2.6 and 5.7 x 10"^  s"' at these fCTAB] = (Table 
3.3). fherefore, the reactivity of Phe and alanine is in the order Phe » alanine. The 
presence ol' aromatic ring (electron withdrawing) is responsible for the higher 
rcacti\it> of Phe which easil> transfers the electrons to permanganate. 
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Table 3.1 
Idled of |]Vln04'| on pseudo-first order rale constants for the oxidation of phenyl 
alanine by permanganate 
Reaciion conditions : [phenyl alanine] = 2.0 xlO'" mol dm"^  
[H2SO4] = 0.0 mol dm •3 
4 [CTAB] = 4.0x10"'mol dm"' 
0/ temp. - 30 C 
pH - 5.15 
10'|Mn(V] lO'kobs 
(mol dm"') ( s"') 
0,5 2.1 
1,0 2.2 
1.5 2.1 
2.0 2.1 
2.5 2.2 
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Table 3.2 
I'JTect oi' I phenyl alanine] on pseudo-llrst order rale constants for the oxidation of 
phenyl alanine by permanganate 
eaction conditions |Mn04"] 
IH2SO4J 
ICTABJ 
temp. 
pn 
= 1.0xlO"^moldm'^ 
= 0.0 mol dm"" 
= 4.0x]0-''moldm"^ 
- 30 "C 
^ 5.15 
10 [phenyl alanine! 10 kobs H) k^ ,,! kobs k^ai''kobs 
(mol dm"') ( s' ) (s" ) 
1.0 1.4 1.4 0.00 
1.5 2.0 1.9 +0.05 
2.0 2.2 2.3 -0.04 
2.5 2.6 2.5 +0.03 
3 0 2.8 2.8 0.00 
4.0 3.2 3.2 0.00 
5.0 3.6 3.5 +0.02 
6 0 3.8 3.8 0.00 
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Table 3.3 
MTect of [CFAB] on pseudo-first order rate constants for the oxidation of phenyl 
alanmc by permanganate 
Rcuciion conditions |Mn04'l ^ l.Ox 10" mol dm"' 
I phenyl alanme] ^ 2.0 xlO'^ mol dm' 
IH2SO4J - O.Omoldm"^ 
temp. -- 30 V 
10' [CTABI pH 10' kohs 10' KM (kobs - k,ai) / kob, 
(moldm' ) (s"') ( s"') 
0 0 5 15 0 0(0 2)" 
10 5 15 0.5 
2 0 5.14 0 7 
4 0 5.14 0.9 
6 0 5.13 1.5 
8 0 5.13 2.6 
10.0 5.13 5.7 5.8 -0.01 
12 0 5.12 4.9 4.9 0 00 
14 0 5 12 4.3 4 2 +0.02 
16 0 5 12 3 7 3 7 0.00 
18 0 5 12 3 4 3 3 H 0 02 
20 0 5 12 3 0 3 0 0 00 
'' \aluc of rate constant m presence of IH2SO4] - (10.8 x lO'" mo! dm ') is given in 
parentheses. 
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200 400 600 800 
1/|pne](mol dm^) 
Fig. 3.1. Double reciprocal plot between kobs and [phe| for the data of Table 3.2. 
Reaclion conditions: \CTAB\ (= 4.0 xlO'^  mol dm''), fMn04'] (=1.0x 10'^  mol dm"') 
a t 3 0 T . 
5 10 15 
10'[CTAB](mol dm") 
Fig. 3.2. 1-JTecl of |C 1ABJ on the initial absorbance of permanganate at 525 nm in 
presenee (A) and absenee (B) offPhej. Reaction conditions: IMnO "^) (=l,Ox lO""* mol 
dm'^); temp ( = 30 V); pH = ( 5.15); [phe] (=2.0 xlO"^  mol dm'^ ( A). 
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30 40 50 
Time (min) 
80 
Fig.3.3. Plots of log (absorbance) versus time at 525 nm for the oxidation of Phe by 
permanganate. Reaction condiiions : [Mn04"] (= l.Ox 10""^  mol dm^); temp ( = 30 "C); 
|phe| (-2.0 (A, B. C) and 6.0 xlO"^  mol dm"' (D); [CTAB] (= 0.0 (A .3) and 4.0 xjO"^  
mol dm"-' (C, D)): [li^SO^j (-0.0( A ). 10.8 (B), and 3.6 xlO"^  mol dm"^(C. D)). 
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6 -
10 15 
10'[CTAB] ( moldm' ) 
Fig.3.4. HlTect of [CTABJ on kobs- Reaction conditions : IMnOa"] (= l.Ox 10 mol 
dm^): Iphej (=2.0 xlO" mol dm"'); temp (- 30 "C): IH2SO4] (= 0.0 (•) and 7.2 xlO"" 
mol dm"'(»)). 
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10' [D ](moldm ) 
Fig. 3.5. Plot of 1/ k(,bs versus [D„\ for the oxidation of [phe] (= 2.0 xlO''' mol dm"') 
by |Mn04"] (-l.Ox 10"^  mol dm") at 30 "C for the data of Table 3.3. 
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^^m 
2 : 4 
10 [ inorganic salts ) ( mol dm ') 
Fig. 3.6. Plot showing the effect of [inorganic sahsj ( NaBr (•). NaCI (•) and NaN03 
(A) ) on the kobs Reaclwn conditions: |CTAB| (= 10.0 xlO"'^  mol dm"'); [MnOfJ 
l.Qx IQ--^  mol dm''); [phe] (= 2.0 xlQ"^  mol dm''); temp.(= 30 T ) ; pH (= 5.15). 
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CHAPTER 4 
Oxidation of methionine by 
permanganate 
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4.1. Introduction 
I he existence of different manganese species in acid, basic and neutral solutions, 
its unstable oxidation states (Mn(Vi). Vln(V). Mn(lV), and Mn(lII)), and the tendency 
of inanganese(J]) to form a \ark\y of complexes, all combine to give systems of 
considerable complexity. Therefore, dilferent attempts have been made to confirm the 
intermediacy of different oxidation states of manganese by use of competition 
experiments [1-7]. Over recent decades many important contributions have been 
made towards the understanding of intermediacy of water soluble colloidal Mn02 in 
the oxidation of different reductants by MnO'4 [8-10]. Most of the early investigations 
on these systems performed several decades ago. concerted around the formation of 
colloidal MnOn | l l | . fhe oxidation ot a-amino acids by MnO'4 is particularly 
interesting because C 11. C C. and C \ cleavage products have been reported |12-
14). 1 he oxidation of methionine presents a situation there is a possibility of the 
oxidation of sulphide to sulphoxide and C-H and C-C breaking. Recently, sulphur 
containing reductants have been used for the preparation of colloidal MnO? 115]. This 
work encouraged us to extend this idea to the other sulphur containing reductant. In 
this chapter we report the kinetics of formation and decomposition of water soluble 
colloidal Mn02 during the reduction of MnO"4 by methionine. 
4.2. Results and discussion 
4.2.1. Ceneral considerations 
fhe most interesting features of the present obser\ations are the fast decrease in 
the absorbance of the permanganate solution at 525mm in the presence of methionine. 
The purple permanganate colour becomes brown immediately at room temperature 
(25 "C). The schematic representation for the formation of brown colour (water 
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soluble colloidal MnO?) during the reduction of permanganate by methionine is given 
in the Scheme 4.1. 
+ methionine fast 
K»s = 525 nm water soluble 
colloidal MnO. 
Scheme 4.1. Schematic representation for the formation of (water soluble 
colloidal Mn02) 
These observations clearly suggest that Mn(VII) undergoes fast reduction in presence 
of methionine leading to the formation of Mn(IV) as an intermediate which is stable 
for some days. The observed results are shown in Fig. 4.1 as absorbance-time profiles 
at different [methionine]. As can be seen from Fig.4.1 (typical example), as the 
[methionine] increases, the absorbance increases until it reaches a maximum, and then 
remains constant with [methionine]. This behaviour indicates the fast formation and 
stabilization of water soluble colloidal Mn02. These results are in good agreement 
with the results of Perez-Benito et al. and other investigators [15-18]. Further, to 
confirm the nature of brown colour, the spectrum of reaction mixture was recorded at 
the end of the reaction. The plot of log (absorbance) versus the log (wavelength) is 
linear with slope (= -5.5) (the spectrum will be mainly-due to the scattering of light 
(Rayleigh's Law: A = C / }i). The stoichiometric experiments were performed by 
mixing the known [methionine] and [Mn04']. The excess of [Mn04"] was determined 
spcclrophotometically. A ratio of 1:1. that is, 1 mol of Mn04^ reacts with 1 mol of 
methionine to give stable dark brown color.. To calculate the second-order-rate 
constants, some kinetic experiments were performed by monitoring the absorbance of 
the reaction mixture at 420 nm (the contribution from MnO'4 is negligible). Equation 
(4.1) was used to calculate the second-order-ratc constant. 
1 
k = 
'^obs ^ a(a-x) 
U-
(4.1) 
where a the initial molar MnOa^  and x "= the amount of MnO"4 ) which has 
disappeared at time t. The kobs was determined from the gradient of |x / a (a-x)| versus 
time plots, 'fhe values kobs at 25 C were summarized in Table 4.1. The kinetics of this 
reaction remained unaffected by increasing the ionic-strength of the medium by 
adding neutral salt KCIO4. Therefore, the ionic-strength of the medium was not 
maintained. 
fhe colloidal MnOi solution undergoes acid hydrolysis or is unstable in aqueous 
soluuons of |H') >1.0 xlO'' mol dm ' 119|. It was observed that the decomposition of 
colloidal WluOi depends on the 111'], I'hc rale constants of the dcconipositu)n were 
determined under different experimental conditions. To study the effect of |1T]. the 
hydrogen ion concentrations was varied m the range of 1.0 x lO""* to 4.0 x iO"'^  mol 
dm" at constant [Mn04'] (~- 1.0 >•• 10"^  mol dm"') and [methioninej (- 10.0 x 10"* mol 
dm"') at 25 "C. Under our experimental conditions, the plots of log (absorbance) 
versus time deviate from linearity, it is clear that the reduction of colloidal MnO? by 
methionine in presence of [H ]^ proceed in two stages; that is, a initial fast stage 
followed by a relatively slow step. The reaction rates of both steps were found to 
increase eonsiderabl) with increasing |11C1()4| (fable 4.2). These results are 
presented graphicall) as rate kohs-|HCI()|| (fig.4.2). fhe plots of log (rate constants) 
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versus log IHCIO4] are linear with slopes 1.5 (r •= 0.9997) for both the steps, 
indicating complex-order dependence on |H'']. In presence of higher [H^J, the 
solutions remained perfectly transparent during the kinetic runs, although turbidity 
caused by a brown precipitate of MnO? was observed some time after the end of the 
kinetic runs. 
4.2.2. Effect of Imethionine] on the rate constant 
It is obser\'ed that rate increases uith increasing |methionine| (lable 4.3). The 
plots of rate constants versus |methionine| are curve passing through the origin (Fig.4. 
3). further, the double logarithmic plots between kobsl and [methionine] resulted in 
two straight lines with slopes = 1.0 and 0.0. Thus the reaction follows different order 
kinetic with respect to [methionine]: it is first- and zero-order for the (methionine] 
range 2.0 x lO"' to 8.0x10'^ mol dm" and 10.0 x JO"^  to 40.0 x jO'^  mol dm'\ 
respectively. 
4.2.3. Effect of |F ] on the rate constant 
it has been established that tluoride ions are efficient trapping agents for 
Mn(lll) |2()|. Therefore, in order to confirm the formation of IVln(llI) during the 
reduction oi' colloidal MnOi b\ methionine, some kinetic experiments were 
performed in presence off" ions, fhe reaction rates of first stage (kobsi) increases and 
then decreases with [F"|, while the second stage rate constant (kobs2) decreases, fhese 
results are also depicted in Fig.4.4. as kobs-[F'| profile, 'fhis indicate that Mn(Iil) is 
formed as an intermediate during the reduction of Mn(lV) by methionine. Thus, we 
safely conclude that the oxidation of methionine by colloidal Mn02 follows a one-
step, one-electron transfer mechanism Based on the experimental facts, two possible 
mechanisms can be proposed, one for the formation, and other for the decomposition 
t)l'water soluble colloidal MnO:. 
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(i) 1-or the formation of Mn([V) (Scheme 4.2). 
O O 
II fast II 
MnO^ 4 CH,SCH,CH,CHCOO- > CHjSCH^Cfi^CHCOO-+ Mn(V) (4 2) 
"NH, 'NH3 (unstable) 
'3 
Mn(V) fast MnD ^"^ ^) 
- ^ 
2 
(4 4) 
(Brown colour) 
Scheme 4.2 
(ii) I'or the decomposition of IV]n(IV) (Scheme 4.3). 
(V1n(X) t CH.SCH.CH.CllCOO - (MnO,)-methionine 
" ' J 
NH3 (complex) 
complex + H _^ f] - (MnO,)^, - methionine (4 5) 
(complex 1) 
complex 1 ^ (MnO,)„_, + HMnO. + radical (^ 6) 
0 
f ac t " 
radical + HMnO, ^^ ^ H.MnO, + CH,SCH,CH,CHCOO- (4 7) 
'NH3 
^ Mn' ' I- 21LO ("^8) ll.MnO,-I 2H 
Scheme 4.3 
In Scheme 4 2, Ixjualion (4.2) .shows the fast formation of Mn(V) which is unstable 
and readilv changes into the stable species of manganese, that is. Mn(IV) (other 
oxidation states of Mn are obviously involved in the reaction; they are extremely 
reactive and unstable in acidic - neutral medium). In Scheme 4.3. Equation (4.4) 
represents the adsorption of methionine on the surface of the colloidal MnO?. By 
analog) with previous results [18. 20| we assume that adsorption complex 
decomposes in a rate - determining one step one-electron oxidation-reduction 
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mechanism lo give Mn(lil) and radical. 1 hcretbre. Mn(lll) would participate in the 
reaction as an autocatalyst. Mn(Ill) is a strong oxidant and it immediately gels 
converted into stable products (Equation (4.7)). The rate law can be deduced from the 
Scheme 4.3 mechanism is 
-d[MnO J ^^ad^ KgJH'lImethioninellMnOJ 
V = = (4 9) 
dt (1 + K,,i[Hl) 
Under the experimental conditions of [Ff] >1.0 ;<10"^  mol dm"\ l>Kadi [H^]. and 
I'^ quation (4.9) reduces to 
(4 10) 
obsl 
•^ l^ adiKadiH ][methionine] 
f.quation (4.10) clearlv explains the llrsl-order dependence of the reaction each on 
111 I ( 2.5 xlO"'moldm'')and |methionine) (- 2,5 x 10"'mol dm"'). 
Considering that the water soluble colloidal Mn02 and Mn(Ill) are the oxidizing 
species at the autocatalytic path, the following mechanism is also proposed 
Mn(lll) + methionine — ^ ^ — ^ Mn(ll) + radical (4.11) 
Mn(IV) + methionine ^^s^ Mn(lll) + radical (4.12) 
fast 
Mn(IV)- Mn(ll) ^ 2Mn(lll) (4.13) 
Scheme 4.4 
Scheme 4.4 clearly indicates that autocatalytic path is not a true path of Mn(IV) 
methionine reaction. It ma> be a mixture of a series of cyclic reactions, fherefore. the 
exact dependence of kobs2 on |methioninc| and |H | cannot be estimated. In order to 
see the catalytic role ol" manganese(ll) and silver(l), some experiments were 
performed in presence of these electrolytes at constant [Mn04"] (-~- 1.0 x 10" mol 
dm"'). |methioninc| (" 10.0 x IQ""^  mol dm'^ ) and temperatures {= 25 "C). It was 
observed that at small concentrations of Mn(Il) and Ag(l) (= 1.0 xlQ"' mol dm""'), the 
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reaction mixlure turned turbid due to the deposition of brown precipitate of Mn02. 
I he time ol'MnOT deposition was also depending upon the experimental conditions. It 
was noticed that MUOT deposition did not appear at all even after prolonged 
meubation at 25 "C in absence ol' electrolytes. Precipitation of manganese dioxide 
suggests that the soluble Mn(ll) species is present in the form of colloidal particles of 
MUOT. Due to this, the systematic kinetic runs can not be performed in presence of 
externally added electrolytes. We can then conclude that the Mn04' methionine 
reaction proceeds through the formation of stable water soluble colloidalMn02 as an 
intermediate. 
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Table 4.1 
lilTecl of [MnOa'l on pseudo-firsl order rale constants for the oxidation of methionine 
Reuciion conditions [MnO:! -- 1.0 xlO"^ mol dm'" 
temp. 25 "C 
pll " 5 . 1 5 
10" j methionine I kob^  
(moldm") (mo!" dm s' ; 
0.2 1.5 
0.4 1,9 
0.6 2.17 
0.8 3.4 
1.0 5.3 
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Table 4.2 
1-ITcct oi [HCIO4I on pseudo-first order rale constants for the oxidation of methionine 
Reuction conditions IMnOil -' 1,0x10" mol dm'^  
I methionine I = 10.0 >• 10' mo! dm' 
0^  temp. - 25 T 
pH 5.15 
lOMllClO.I kobsi k„hs.^  
(mol dm ') (s ' ' ) (s ') 
0.0 0.0 0.0 
1.0 9.5 2.5 
2,0 12.0 5.7 
2.5 16.2 7.5 
3.0 21.2 12.4 
3.5 28.2 15.1 
4.0 34.5 20.4 
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I able 4.3 
1 llccl ol I methionine] on pseudo-i'irst order rate constants loi the oxidation ol 
methionine 
Reaclion condiliom |Mn02j = 1 0 xlO ^ mol dm •* 
IHCIO4) 2 0 x l 0 ' m o l d m ^ 
0/-temp 25 "C 
pH 5 15 
10 I methionine I kob^ i ki,hs2 
(mol dm ) (s ) (s ) 
0 0 
20 
40 
6 0 
8 0 
10 0 
15 0 
20 0 
10 0 
40 0 
0 0 
32 
62 
86 
108 
120 
138 
153 
16 0 
168 
00 
1 8 
30 
39 
44 
57 
6 0 
64 
7 0 
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Table 4.4 
VA'kcl ol" [F"J on pseudo-first order rate constants for the oxidation of methionine 
Reaction conditions : [MnOjl 
IHCIO4] 
[methionine] 
temp. 
PH 
10' [FJ kobsl 
(mol dm" ) (s' ) 
- 1.0xlO"'*moldm"^ 
--" 2.0xl0*moldm"^ 
= 10.0 X10"^  mol dm'^  
- 25 "C 
- 5.15 
kobsZ 
(s-') 
0.0 12.0 5.7 
0.5 17.4 7.2 
1.0 21.1 8.9 
2.0 19.1 8.9 
3.0 18.4 7.5 
4.0 17.2 6.4 
5.0 16.8 5.2 
6.0 16.4 4.5 
8.0 14.5 3.5 
10.0 13.4 2.5 
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i 
Tim<3(mi(i| 
Fig. 4.1. Plot showing the formation of water soluble colloidal Mn02 at 420 nm. 
Reaction conditions: [Mn04"J (= 1.0 x]0''*mol dm'"), temperature (= 25 "C), 
[methionine] (= 0.2 (•), 0.4 (t). 0.6 (^ ) , 0.8 {•), andl.O xlO"" mol dm"^  (•). 
71 
10 IHCIOJ |in(j<(hii ! 
Fig. 4.2. Dependence of rate constants (kobsi (•) and kobs2 (•)) on IHCIO4I for the 
ecomposition of colloidal MnO?. Reaciion conditions: |Mn04"'| (^ 1.0 xlO"' moldn 
'). temperature (= 25 "C). |methionine| {= 10.0 xlO"" mol dm''). 
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10"[ivi(»thi€ii«tio) iiiiol rliii 
Fig. 4.3. Dependence of rate constants (kobsi (•) and kj,bs2 (•)) on [methionine] for the 
decomposition of colloidal MnOi. Reaction conditions: [Mn04"] (= 1.0 x 10" mol 
dm"^ ) temperature (= 25 X). [HCIO4] (- 2.0x 10"^  mol dm'^). 
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I D ' l f ) ,• 
Fig. 4.4. liffect o\'\i-"\ on the rale constants (kobsi (•) and kobs2 (•))• Reaction 
conditions- |Mn04'| (=• 1.0 x l()"^ mol dm'*), [methionine] (- 10.0 xlO"* mo! dm""*), 
temperature (- 25 T ) . IMCIO4I (- 2.0 x lO"' mol dm"^). 
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CHAPTER 5 
Oxidation of 
ethylenediaminetetraacetic acid by 
water soluble colloidal Mn02 
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5.1. Introduction 
lAhvlcncdiaminctclraacctic acid is a multifunctional a-amino acid that behaves as a 
double /.witter ion in dilute aqueous solution. The chemistry of EDTA in terms of their 
applications has come a long way, and its industrial uses are unlimited. It has been established 
that in the oxidation of EDTA, the large number of oxidation products, such as iminodiacetic 
acid, oxalate, formate, ammonia, ethylenediaminetriacetic acid and CO? were formed during 
the course of oxidation by Mno4 in alkaline and acidic media [1. 2]. Despite the extensive 
studies on the kinetics of EDTA oxidation by metal ion oxidants |1-3|, no attempt has been 
made to investigate the reactions involving colloidal MnO? and EDTA. The water soluble 
colloidal Mn02 has generally been considered to be highly reactive and unstable [4. 5|. 
Colloidal MUOT has the advantage over water-insoluble MnO? that conventional IJV-vis 
spectrophotometers can be used to study their reactions with different types of organic and 
inorganic reductants |6-10|. Therefore, a search seems necessary for other related reductants. 
which can replace sodium thiosulphate in the preparation of colloidal Mn()2 sols by some other 
sulphur containing reduclant [1IJ. Therefore, the present work was undertaken. We report the 
kinetics and mechanism of oxidation of EDTA by colloidal MnOi (product of methionine + 
MnO'4 system) in aqueous neutral media. For the purpose of comparison, thiourea -•• MnO 1 
system has also been used for the oxidation of EDTA. The mode of investigation was mainly 
kinetic: other relevant supporting data were also obtained. 
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5.2. Results and discussion 
5.2.1. Preparation and characterization of colloidal MnOz (product of Mn04 + 
methionine reaction) 
ll is well known ihat in alkaline or weakly acidic solution, permanganate changes to Mn 
(IV). while in strongly acidic medium, permanganate is further reduced, forming Mn (11), In the 
case where permanganate serves as an oxidizing agent in acid solution, the possible 
intermediate species are Mn (VI), Mn (V), Mn (IV), and Mn (ill). Stability of these species 
strongly depends upon the experimental conditions, i.e., reaction media and nature of the 
reducing agents. On mixing of methionine (== 2.0 xIO" moldm' ) and permanganate (=2.0x10^ 
moldm'") in neutral aqueous medium, there was initially a very fast reaction in which 1 mol of 
methionine was consumed for each mol of permanganate (pink permanganate color becomes 
brown immediately which is stable for some days). These studies suggest that brown color was 
due to the formation of water soluble colloidal MnOi, one step two-electron oxidation-
reduction takes place between Mn(Vll) and methionine. As a result, Mn (V) (highh unstable 
intermediate in acidic medium |12|) and methionine sulphoxide (product) are formed during 
the redox reaction. Finally, Mn(V) may hydrolyse to Mn(IV) species ( 2MnO''4 + 2H2C) —* 
MnO'''.4 + MnO? + 40H") which is commonly involved in the MnOa' oxidation of organic 
rcductants 113] ). fhe most characteristic part of manganese (IV) is the ligand to metal charge 
transfer transitions observable in the 400-650 nm region. Fig. 5.1 showed a large band covering 
the whole visible region of the spectrum. To obtain insight into the colloidal nature of MnOi, 
the Rayleighs law was also used. The plot of log (absorbance) versus log (wavelength) is 
linear with slope ca. -5.6 (Fig.5.2). These findings are in good agreement with the observations 
of other investigators |13, 14|. The resulting water soluble colloidal MnO: was used as the 
o.xidant for the oxidation of FID f A. 
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Further to determine the morphology of colloidal Mn02, size of the particles were determined 
with the help of transmission electron microscope (TEM). In a typical experiment, 1 cm"' of 
0.01 mol dm" methionine with Mn04" 1cm of 0.01 mol dm' was made to a total vol of 50 
cm". Fig 5.3 shows the TEM picture observed after adding the methionine. The Mn02 
nanoparticles and/or (quantum dots) are spherical and of uniform particle size ca. 4 nm. 
It is well known that the stability of colloidal MnOi depends strongly on the PH of the 
reaction medium, and the water soluble colloidal MnOi can be exist only in neutral aqueous 
medium[9]. Therefore, all the kinetic measurements were performed in the absence of 
externally added mineral acids. The study of the kinetics of EDTA-coUoidal Mn02 reaction did 
not give useful information under the /'i'ew^o-first-order conditions owing to the fast 
disappearance of colloidal Mn02 color (Scheme 5.1). 
a..- . i^S" 
-' J^ti K J 
l4\v'i If -f 
Colloidal MnOo 
+ EDTA 
(excess) 
fast 
Mn(ll) 
Scheme 5.1. Fast disappearance of colloidal Mn02 in presence of EDTA 
The stoichiometry was determined by spectrophotometric titrations measuring the absorbance 
of remaining colloidal Mn02. The observed results indicated 1:1 (Mn02: EDTA) 
stoichiometry. The second-order rate constants (kobs. s"') were determined by using kobs = (1 /1 
(a - b)) In (b (a - x) / a (b - x)} (where a = [(Mn02)n], b = [EDTA], and x = amount of colloidal 
Mn02 that has disappeared at time t) with the help of a computer program. 
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5.2.2. Effect of [Mn02l and |P:DTA] on the rate constants 
The effects of colloidal [Mn02| and |HD'fA| were studied at constant temperature (-
25"C'). In the first set of experiments, the [MnOiJ varied from 0.6 x 10" mol dm'' to 1.0 x 10' 
mol dm' at constant [EDTAJ (= 2.0 x 10' mol dm' ). Table 5.1 shows that the second -order 
rate constant decreased as initial [Mn02j increased. This is due to possible flocculation of 
colloidal Mn()2 particles. In the second set of experiments, the effect of [HDTA| was studied 
b\ keeping the |MnC)2| (" 1.0 x 10'"^  mol dm ') fixed and varying |f;i)'l A| (- 2.0 x 10'^  moldm" 
- 10 0 x 10' mol dm''). It was lound that the rates increased with in increase in |l'T)'fA|. fhe 
observed results are summarized in 1 able 5.2. 
5.2.3. Effect of pH on the rate constants 
In order to see any change in the pH oi' the working solution, a series of experiments 
\^ere also performed in presence of |FDTA|.'fhe pi I values was found to be nearly constant 
with increasing [EDTAJ. The observed values of pH are given in Tables 5.1 and 5.2. 
5.2.4. Effect of sodium fluoride on the rate constants 
Sodium lluoride and silver nitrate have been used as tool 115, 16) to find the involvement 
o\' !Vln(lll). if formed and to conform the one-step one-electron transfer mechanism, 
respectively, fherefore. to conform the path of reduction of Mn(IV)—> Mn(II). a series oi' 
kinetic runs were carried out in presence ol constant |Mn02| (-"- 1.0 x 10"^  mol dm'') and 
|1-.I)IA| (- 2.0 X 10' mol dm ') at 25T Preliminary observations showed that a reaction 
mixture containing MnOi and electrolytes (NaF and AgNOj) became turbid due to the 
deposition oi' solid Mn02. The lime oi' Mn02 deposition was also depends upon the 
experimental conditions. Under our experimental condition, Mn()2 deposition was observed 
after ca. Imin. In presence of these electrolytes, precipitation of manganese dioxide occurs 
('I able 5.3). Due to the precipitation of solid Mn02 in presence of NaF and AgNO^ the exact 
path of the reduction of Mn(ll) by FD'fA can not predicted. 
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5.2. 5. Preparation and characterization of colloidal Mn02 (product of MnO'4 + thiourea) 
In order to see the behavior and/or compare the reactivity of water soluble colloidal 
Mn02 (reduction product of Mn04" - thiourea), the oxidation of EDTA was also studied under 
the similar conditions of colloidal MnOi (reduction product of Mn04' - methionine) (vide 
supra). The resuhs are complied in the Figs.5.3, 5.4 and Tables 5.4-5.5. The colloidal Mn02 
was prepared and characterized by the stoichiometric ratio of MnO"4 and thiourea (1:1). The 
reaction of permanganate and thiourea is as follows (Scheme 5.2). 
thiourea fast 
MBM 
^mas = 525 nm water soluble 
colloidal MnO, 
Scheme 5.2. Formation of colloidal MnO: 
The visible spectrum of reaction mixture containing Mn04" and thiourea immediately after 
mixing is shown in Fig. 5.3 which clearly suggests the presence of water soluble colloidal form 
of MnOi. In presence of thiourea, Mn(VII) changes to Mn(VI) which is highly unstable and 
immediately gets converted in to the stable Mn(IV) species (3MnO"'"4 + 2H2O —> 2Mn0'4 + 
Mn02 + 40H") [4]. The plot of log(absorbance) versus log(wavelength) gave a straight line 
with a slopes of-5.6 and -5.8 (Fig. 5.3) for the permanganate-methionine and permanganate-
thiourea reactions which is in good agreement with the results of other investigators [13, 14]. 
5.2.6. Effect of fMn04 ] and [EDTA] on the rate constants 
The oxidation of EDTA by colloidal Mn02 was studied kinetically as a function of 
[MnOi] and [EDTA]. Second- order conditions were used to calculate the rate constants. 
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Variation oflMnOil (0.6 - 1.2 x 10"' mol dm') decreased the reaction rate (Table 5.4). The 
same t>pe ol'defect has been obtained in many colloidal IVlnOi reactions |7. 15|. On the other 
hand. AgNO.; and NaF have the same type ol'elTecls on the oxidation of EDTA by colloidal 
Mn02 as observed in the case of MnO'4- methionine system (Table 5.3). 
5.2.7. Mechanism 
L-DTA is an important hexdentate ligand and participates in acid-base equilibria. In 
aqueous solution , various species like \\(,Y^\ H5Y\ H4Y . H3Y' , H2Y '^. HY "^ and Y^ " (Y -
HDTA) exists in equilibrium, as suggested by Underwood [17]. The first two species (Hf^ Y"' 
and II5Y') are relatively strong acids and normally are not of importance in evaluation of 
dissociation constants. Therefore. 1T)1A has only four values of dissociation constants, le 
K,i 1.02 X 10-'. K,2 2.14 X 10". K,3 -- 6.92 ^ 10"'. K,4 '' 5.5 x ]0"". Under our 
experimental conditions used in this work (pi I 2.21). the fractions of various forms (a )of 
| ; D T A in solution were calculated by using the relation: ai = |H"] / B; 02 = Kai|H^J' / B: 0(3 --
K.,, Ka2 IH^" / B: a4 - K,, K,2 K,3 [IT] / B; a,, = K,, Ka2 K,i K,4 Iff] / B, where B - [H' l' ^ 
Kal | i l T -^  K , | Ka2 ( H ' r + Kal Ka2 Ka3 [ H ' j f K a | Ka2 K:a3 Ka4 a n d t h e ValuCS 0 
and a. were found to be 0.44. 0.46, 0.09. 6.7 x 10'", and 3.7 x 10""'. respectively. Therefore. 
1 fjY and H3Y" species exist in significant concentrations and the species H2Y"", HY " and Y " 
do not participate in the present reaction. 
On the basis of these observations. Scheme 5.3 mechanism is proposed for the oxidation of 
f.DTA bv colloidal MnO,. 
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-OOCCH,^ CH,COOH Ka, -OOCCH, , , / ^ ^ ^ ° ° ^ 
HNCH^CH^NH ^ - ^ HNCH^CH^N^H - H ^ 5 , ) 
HOOCCH2/' ^CH2C00" HOOCCH2/ CH2COO 
(H3Y ) (H4Y) ^ i ' 
/ CH2COO" K 
R, NH + (MnOp), ^ = ^ EDTA-(Mn02) , ^ ^-^ 
\ 
CH2COO (Adsorbate ) 
( H3Y' ) 
RrNH-CH^COO-
Adsorbate — ^ i ^ ^ ^ + Mn(lll) (^^ 
CH2C00' ^ ' 
{ Radical) 
Ri NH CH2COO fggj Ri NHCH2 ^ ^Q (54 
CH2C00- CHjCOO" 
2 
R' NHCH, , M n ( l l l ) J ! ! U ^ ' ^"^^^ . Mn(ll) 
CHjCOQ- CH2COO" 
R ^ N - C H 2 ^ ^ ^ ^ Jast__^ R r NH, , H C H O 
CH2COO ^ CH2COO 
"OOCCH, 
5 6 ) 
R^  = HNCH2CH2-
H00CH2^ 
Scheme 5.3. Mechanism for the oxidation of EDTA b) colloidal MnOj 
In Scheme 5.3. the firsi step represents the equilibrium between the major existing species of 
l-.DIA (l-x). 5.1). Ihe adsorption 0!'organic reduetants (oxaHc. formic, malic, D-fructose, and 
ascorbic acid) on to the surface of colloidal MnO^ in quasi-equilibrium reactions prior to the 
redox rate-determining steps is widely accepted |6 - 10]. Thus, the reaction proceeds through 
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the adsorption of EDTA on colloidal MnOi leading to the formation of an adsorbale (Eq. 5.2). 
The hydrogen bonding and /or electrostatic interactions between oxidant and reductant are 
responsible for the adsorption. The adsorbate undergoes oxidative decomposition in a one-step 
one-electron oxidation-reduction mechanism to radical and Mn(in) (rate determining. F-lq. 5.3). 
fhe proposed mechanism is further supported b> the analysis of the products. COT and 
formaldehyde were delected by the sodium hydroxide solution and spot tests, respectively 118. 
19|. Other HDTA oxidation product, i.e.. chromium(III)-ethylenediaminetriacetic acid 
complex, was identified by the reported method |2. 3J. Similar mechanism for one equivalent 
oxidative decarboxylation has been proposed by many workers specially to the permanganate 
oxidation of amino acids [4. 16]. 
According to Scheme 5.3. the overall rate law is given by Eq. (5.7) 
-d[(Mn02)J K3^K3,k[(MnO,)J[EDTA], 
_ = (5.7) 
"** (K3, + [HD 
1 he derived rale lau clearK accounts for the first-order with respect to |1:DTA| (over all 
second-order reaction, vide .supra). 
5.2.8. Effect of |Mn(lI)| on the rate constants 
10 gain the further insight in to the path of reduction of colloidal Mn02, the effect of 
.Mn(ll) (a reaction product of MnO^) was studied under the same experimental conditions of 
MnO: (-- 2.0 x 10"^  mol dm^^ ) and EDTA (- 4.0 x K)-* mol dm"^ ) at 25 T . The most interesting 
features of the present observations are the increase in the absorbance of the reaction mixture at 
500nm and the vital role played by the order of mixing of manganese(ll) in the formation of a 
pink color species (Table 5.3). Upon addition of colloidal MnOi to a solution of EDTA and 
.Mndl). a transient species appears v\hich has an absorption maximum at 500nm (Figs. 5.4 and 
5.5). 
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Jhe absorption spectrum of colloidal Mn02 (^ 2.0 x 10"'^  mol dm""') consists of a single 
broad band in the whole visible region (Figs. 5.1 and 5.4). It was observed that the spectrum oi' 
colloidal Mn02 changes upon the addition of a mixture of EDTA and Mn(Il) solutions, fhe 
broad band disappears and one new band appears at 500nm in both solutions of colloidal MnOi 
(I'igs. 5.4 and 5.5). It was also observed that the brown reaction mixture become pink 
immcdiatcK in presence of liDl A-!Vln(ll). Our X,,,,,, values are in good agreement with the 
literature values 120-221. On the other hand, stable !Vln(lIl)-r:D'fA complex is not formed in 
absence of externally added Mn(ll) {vide supra. Table 5.3). These results indicate that fT)TA 
llrsi coordinates with Mn(ll) species. Based on these findings and other results discussed 
earlier, the following mechanism (Scheme 5.4) is proposed. 
fast 
Mn(ll) + EDTA ^ Mn(ll)-EDTA (58) 
fast (MnOj), + Mn(ll)-EDTA ^ (Mn02)-^  EDTA-Mn(ll) <53) 
Adsorbate ) 
fast 
Adsorbate ^ Mn(lll)-EDTA 5 10 
(/.max = 500 nm) 
Scheme 5.4. Mechanism for the formation of IVln(III) - EDTA in presence of externally 
added Mn(II) 
In the present study, two reducing agents (methionine and thiourea) were used for the 
preparation oi' water soluble colloidal and/or nano size Mn02 in aqueous-neutral media. fl:M 
nnagcs suggest the formation of nanoparticlcs of water soluble IVln02. The redox reaction 
between Mn02 and EDTA follows second-second kinetics. The rate is influenced significanth 
in presence of externally added Mn(Il) and Mn(lll) - HDTA complex ( purple color) is formed 
as the final reaction product, fhis simple but significant comparative study gathered valuable 
information regardinu the stability of colloidal MnOi and its reactivity with EDTA. 
86 
Table 5.1 
I •.fleet of |Mn02| on second-order rale constants for the oxidation of EDTA by colloidal Mn02 
Reuclion conditions • [EDTA] = 4.0 xlO"''mol dm'^  
temp. - 30 V 
pH - 2.21 
10^|MnO2r pH kob. 
(mol dm" ) (mof' dm's' ') 
0.6 2.21 85.0 
0.8 2.21 .15 0 
1.0 2.21 31,0 
1.2 2.20 13.3 
'' Colloidal MnOi prepared by methionine-MnO.(" reaction. 
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Table 5.2 
VATQCI of (EDTAJ on second-order rate constants for the oxidation of EDTA by colloidal MnOi 
Reuclion conditions . 
1()"'|HDTA]' 
(mol dm'^ ) 
|Mn02j 
temp. 
pH 
pH 
= l.OxlO-'moldm 
= 30 "C 
- 2.21 
kobs 
(mor'dm^s^') 
2.0 2,26 5.5 
4,0 2.21 7.9 
6.0 2,21 11.0 
8.0 2.20 16.2 
Colloidal MnOi prepared by methionine-Mn0.r reaction. 
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lablc 5.3 
Values of second -order rate constanls and role ofMnCN, AgNOi and NaF on the deposition 
of solid MnOj. 
Reaction conditions'' k„bs(mor'dm's"') Reaction mixture'' Mn02 deposition'^  
N 
0 
N 
N 
0 
0 
''Colloidal Mn02 prepared from methionine-Mn().r (pH - 5.01) and thiourea-MnOj" (pH ^ 6,1). 
''IMnO.I (-- 1,0 X 10"' mol dm"'). |1-DTAJ (= 4.0 x lO"^  mol dm"^ ) and |electrolytes] (= 4,0 x 
10"' mol dm'"') were used in all cases. 
'Deposition test: N ^ no MnOi. 0 = MnOT observed. 
Mn()2 - liDTA 
MnOi -r Mn'^ 
Mn02 ^ EDTA+ Mn"^  
Mn02 - BDTA+ Mn^ * 
Mn()2 - Ag + 
MnC)^  • 1-" 
7.9(11.0) Colorless 
Brown 
Pink 
Colorless 
Brown 
Brown 
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I able 5.4 
I licet ol |Mn()2| on second-order rate constants for the oxidation ol 1 D I A by colloidal Mn()2 
Reaction condilions |KD1A| - 4.0 xlO"''mol dm ^ 
temp. = 30 V 
pH - 2.21 
lO^IMnOzl" pH k„bs 
(mol dm"^ ) (mor'dm's"') 
0.6 2.21 84.2 
0 8 2 21 36.4 
10 2 21 30.1 
12 2 20 12 6 
I he \dlues were obtained from the colloidal MnOn (product ol'thiourea- MnOj reaction) 
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Table 5.5 
l.lTecl of |EDTA) on second-order rate constants lor the oxidation of EDTA by colloidal Mn02 
Rcaclion conclilion.s |Mn02| = 1.0x10' mol dm" 
temp. JO L 
pH 2.21 
lO I^HDTA]'^  pH kobs 
(mol dm'"') (mof'dm's"') 
2.0 2.26 9.5 
4.0 2.21 11.0 
6.0 2.21 11.1 
8.0 2.20 10.8 
1.0 2.19 11.2 
I he values quoted in parenthesis were obtained from the colloidal lVln02 (product of thiourea-
MnOt reaction). 
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Fig. 5.1. Plots of absorbance versus waxelength for the product (colloidal MnOi) obtained from 
the permanganate-methionine (•) and permanganate- thiourea (•) reactions. Reaciion 
concjilions: |Mn04'] (=2.0 x lO""" mol dm"'), (methionine] (=^  2.0 x 10"* mol dm"'), fthiourea| ( -
2.0 X 10"'* mol dm"'), temperature ('- 25''C). pH {--~ 5.01 and 6.10 for methionine and thiourea, 
rcspectivelv). 
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Fig. 5.2. Plots oriog(absorbancc) versus log(wavelength) for the product (colloidal MnO^) 
obtained I'rom the permanganate-methionine (•) and permanganate- thiourea (•) reactions 
Reaction condilions: IMnOa'J (-2.0 '^  10"^  mol dm"'), |methioninc| (" 2.0 x 10"^  mol dm''). 
|thiourea| (== 2.0 x 10"' mol dm"''), temperature (" 25T), pH (^ 5.01 and 6.10 for methionine 
and thiourea, respectively). 
s *= 
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Fig. 5.3. Iransmission electron micrograph i'or the formation of quantum dots nano si/e ol 
water soluble colloidal Mn02 particles. Reaction conditions: Reaction conditions: [MnOTI 
( 2 0x10"^ mol dm"-^ ), [methionine] (- 2.0 x 10'^  mol dm"'), temperature (= 25T). 
94 
01 
o 
c 
ra £ 0 
o 
< 
0 16 
0 12 
0 08 
0 04 
0 00 
•-
1-
• 
• • 
-• 
1 
• 
• 
• 
• 
1 
• 
• 
• 
• 
1 
• 
• • 
• 
1 
• 
• )• 
'• 
.1 
• 
• 
350 400 450 500 550 600 
Wavelength (nm) 
650 
Fig. 5.4. Absorption spectra of reaction mixtures containing |EDTAJ (= 4.0 >^ 10" mo! dm"') 
|Mn(II)|(-4.0x 10'^  moldm"^)and|MnO2](-1.0(»)and0.8 x lO""* mol dm"^  (•) at 25T 
after completion of the reaction! pH ^ 2.21). 
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Fig. 5.5. Absorption speclrum of the reaction product of (MnOij (= 1.0 x 10"'^  mol dm''). 
-^4 [HDTAI (= 4.0 X 10"' mol dm"') and |Mn(lI)J (= 4.0 x 10"' mol dm"0 at 25°C ( pH = 2.2] 
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CHAPTER 6 
Oxidation of thiourea by full grown 
microelectrode silver nanoparticles 
c 
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6.1. Introduction 
Water- soluble nanosize- and colloidal- particles have the advantage over water-
insoluble forms that conventional simple spectrophotometric methods can be used to 
investigate the optical changes that accompany the surface reactions with organic 
rcductanls. Silver has a narrow plasmon absorption band in the visible region [1|. 
Reduction ol' silver(l) by different methods (chemical and radiation chemical) 
proceeds through a one-step process to produce a silver sol. Due to these facts , a 
significant amount of systematic studies have been reported on the Ibrmation and 
redox behavior of still growing microelectrode (CJME) and full grown microelectrode 
(I-'GMF.) silver nanosize metal particles, respectively, in presence and absence of 
different surfactants media | ! ] . Formation of long-lived clusters of silver by the 
:hemical method has been the reported by Henglein and his coworkers [2. 3J. On the 
other hand, it has also been estabilishcd that ascorbic acid can also be used for the 
preparation of silver nano particles |4|. 
Silver nano particle catal}'/,ed reduction of aromatic nitro compounds has been 
studied |5| . As far as u^ e know, no investigation has been carried out regarding the 
reactions involving thiourea as a reductant in presence of FGMB silver metal 
particles. We wish to report herein the salient kinetic results of the oxidation of 
thiourea by FGMF silver metal particles. 
6.2. Results and discussion 
6.2.1. Preparation and characterization of silver nano particles 
The oxidant, FGME silver particles, was prepared as follows: Under the kinetic 
conditions, ascorbic acid solution (3 cm . O.Olmol dm""*) was added to a mixture of 
silver nitrate (3 cm'. O.Olmoldm"') and CTAB (3cm . O.Olmol dm') in a 50 cm^ vol 
at 25 "C. After feu minutes the color of the reaction mixture turned yellow, fhe liV-
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visible spectrum of the resulting solution exhibits one absorption maxima at 425 nm 
which indicates that this yellow color is due to the formation of silver particles as the 
stable product. The FGME silver particles was stored in a dark glass bottle, kept in the 
refrigerator and used as the reactant (oxidant) for the oxidation of thiourea. These 
particles were also prepared in presence of SDS. The formation and reduction of 
silver nanoparticles during the silver nitrate + ascorbic acid and silver nanoparticles + 
thiourea, respectively, are summarized in the following schemes. 
+ Ascorbic acid 
f 
^ J 
. 4 ; -' m : .t -1,1 
; i | i 
|i-> " ' 
pfcfc 
l#l« 
Igrtr % 
if" 9 IJ's^ -
P 1 ' 
thiourea 
Ag-nanoparticles 
m^ax = 425 nm 
Ag-nanoparticles 
m^ax = 425 nm 
Scheme 6.1. Formation and decomposition of silver nanoparticles 
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A 1 liM study was also done to determine the size of the I'XJME silver particles. The 
electron microscopy picture is summarized in Fig. 6.1. The TVM picture shows that 
the nanoparticles particles are spherical and size of the particles is ca. 40 nm). 
6.2. General considerations 
l o see the oxidation of thiourea by surl'actants (CTAB and SDS) stabilized 
FGMH silver particles, attempts were made to carry out oxidation under different 
experimental conditions. Preliminary observations showed that a reaction mixture 
containing SDS stabilized f'CjIVlli and thiourea became turbid. Therefore, only CTAB 
stabilized 1-Xil-M was used for the thiourea oxidation. The main oxidation product o\' 
thiourea v\as characterized as follows, solution of thiourea ( 2.()>* 10"" mol dm'') was 
added to a solution oi' FGMf; silver particles ( 6.0x10"* mol dm"'). After the 
completion of reaction (reaction mixture turned yellow to colorless). 10 cm' elhanol 
was added followed by concentrated HCI. After 2h. white crystals was filtered and 
washed, fhe compound was identified by its i.r. spectrum and was conformed as the 
dithiol bis (formamidinium) |6]. 
6.3. Effect of |thiourea| on the rate constants 
To confirm whether the thiourea (reductant) was capable for the reaction with 
CiMl- silver particles under our kinetic conditions, some experiments were also 
performed in presence of |lhiourea| during the formation of silver sol As can be seen 
in I ig. 6.2 (typical example), as the |thiourea| ( 10.0 ^10" mol dm"') was added 
after min. the absorbance o\' silver sol formation decreases, fhe reaction is very 
sensitive to small concentration of thiourea, a concentration of > 10.0 xlO' mol dm' 
being enough to attain ca. 80% inhibition of GMF particles formation. On the other 
hand, instant addition of thiourea (~- 10.0 xlO""* mol dm"') into the reaction mixture, 
formation of silver sol was not observed. Thus we may safeK conclude that in 
cy"*-'^ 
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[•)rcscncc of thiourea there is a competition between ascorbic acid and thiourea to react 
with silxer (1) and its sol. respecti\el\. 
Ihc elTcct o1'\ariation of (thiourea] was investigated at two dilYerent [oxidant) and 
fixed |CTAB] at 25"C. The kobs values, summarized in Table 6.1, initially increase 
and then tend toward a limiting value with increasing |thiourea|. The plots of rate 
constants versus |thiourea] are nonlinear (concave in nature facing down) passing 
through the origin .On the other hand, double reciprocal plots between kobs and jthio 
urea] are linear with positive intercepts on the \-axis (Fig. 6.3). thus, satisfying the 
l.angmuir-llinshclwood ]7] reciprocal relationship (kinetic proof for complex 
formation; adsorption of ascorbic acid on the surface of the (iMl: silver particles. 
6.3. .Vlechanistic interpretation 
On the basis o\' abo\e results and other observations ]8. 9], the i'ollowing 
mechanism is proposed: 
s s-
Nll . -C ' -NH. ^ NH,--C=NH. 6 1 
s- s-
I + l^ ad . ' + ( 6 2 
(Ag)n + N H , ~ C = N H . ^(Ag) , -N1L--C=NH. 
(complex) 
k , (63 
complex » Ag" . (Ag),^ _^  -^  radical 
dimeri/ation , i a A \ 
2 Radical ^ (Nll .) .C'SSO(Nllj- ' ^^^> 
Scheme 6.2. Proposed mechanism for the oxidation of thiourea by FGME silver 
nano particles 
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In Scheme 6.2 Hq.( 6.2). represents the fast adsorption of thiourea on the surface 
ol i-'CjMl' . B} analog} NA-ith previous resuhs |8. 10). we assume that complex 
decompt)ses in a one-step one-electron oxidation reduction mechanism to radical and 
Ag" (liq. 6.3). The rate of disappearing ol'(Ag)„ at an> lime could be expressed b\ 
\-x].( 6.5) which explam the experimental results, that is, fractional-order dependence 
on [thiourea). 
kK ,)thiourea) 
k . . = ^" (6-5) 
(1 + K^j)thioureaJ) 
[lq.( 6.5) can be rewritten as Kq.( 6.6): 
L = ' . 4 - (66 
ohs kK^,) l^ .u,  jthioureal 
According to Hq.( 6.6). the plot of kobs' versus jthiourea)' should be linear with 
positive intercept on _\-axis. and this was found to be so (fig. 6. 4). From the intercept 
and slope of such plots, the values of k ( 2.0 x 10" and 1.1 xlO"'s'') and K j^ ( 11.7 
and 10.0 mol dm' ) were calculated for 2.4 xlO'" and 3.0 xlO"" mol dm" [silver sol], 
respectivelv. Using these values and )thiourea) for various kinetic run, the k^ ai can be 
generated (Table 6.1). The close agreement between kobs and kcai provides the 
supporting evidence for Scheme 6.2 mechanism and also confirms the validity of 
derived rate-law (fiq. 6.5). Therefore, it was conformed that the oxidation of thiourea 
b\ FGMh silver particles occurs in two kinetically distinguishable steps. The first step 
(fast) is the formation of adsorption complex between FGMH and thiourea. The 
second step (slow) is an electron transfer from the thiourea to the FGMF'! within the 
.•\g -thiourea complex. 
fhe Tangmuir-Ilinshelwood kmetic rate equation (Tq. 6.7) was also used for the 
interpretation of the observed results of thiourea oxidation by FGMI: particles. 
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kKfthioureal ,_ _,, 
rate = ^ (67) 
(1 + K| thiourea]) 
v\here k and K denotes the rate constant and adsorption coefficient, respectively, ol 
the hangmuir-Hinshelwood kinetic model. The other form of hq. (6.8) is 
-^ + -j- (6.8) 
rate kK[thiourea| "^  
According to this Eq.. a plot of 1/ initial rate versus 1/ [thiourea] should be linear with 
a positive intercept (1/k) of y-axis and a positive slope (1/ kK). The observations (Fig. 
6. 3) are in good agreement with the Langmuir- Hinshelwood isotherm {vide supra). 
We can not directly compare the relative rates of the reduction of silver sol by 
thiourea with the water-soluble colloidal MnO? reaction [9]. presence of surfactants is 
essential for the stabilization of silver metal particles. We should point out. however, 
the obser\ed second-order rate constants for the reduction of colloidal MnO: is higher 
than the corresponding reduction oi siher sol particles which indicates that former 
oxidant provides a large surface to the adsorption of thiourea (caution: one should 
keep in mind the reaction conditions; methods of preparation, temperature, etc). On 
the other hand, no meaningful comparison of the rates of silver(I)-ascorbic acid 
reactions with those of other silver(l) systems can be made for which analogous 
kinetic data are not available. 
The most interesting feature of this study is the oxidation of thiourea by silver 
nanoparticles. We are unaware of any precedence in the redox chemistry of this 
s\stem. This study opens up a new area of surface science in which nanoparticles can 
be used as oxidant. 
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Table 6.1. 
Values of rale constant tor the oxidation of thiourea by FGMH silver particles 
Reaction condiliuns: |silver sol] = 2.4 xlO"^ mol dm"^  
temp. = 25 C 
l(r | thiourea] 
(mol d m ' ) 
0.0 
1.1 
1.5 
lO'kobs 
(s-') 
0,0(0.0)'' 
2.4(1.1) 
3.0(1.5) 
I O ^ k , , | S' ' ( k o b . - k c a l ) / k o b s 
(s- ) 
T «; 
4.4 
3.9(2.0) 
4.6(2.4) 
6.1(2,7) 
6.9(3,4) 
0,0(0,0) 
2.4(1.1 
2.9(1.6) 
4.1(1.9) 
4.7(2.4) 
5.6(2.8) 
6.8(3,3) 
0.00(0.00) 
-0,03(-0.()6) 
-0.05(+0.05) 
-0.02(0.00) 
f0.O8(-0.03) 
^0,14(+0.02) 
''fhe k„bs and k^ ..J| values in parentheses pertain to presence of [silver sol| -^- 3.0 xlO"' 
mol dm"' . 
t()() 
^1^9 
120 nm 
I •* 
hij>. 6.1. 1 leclion microstop) picluiL ol lull gu)\\n silver ndnopajtiilcs (1 ( J M I 
obtained b\ lliL icduclion ol \ii \( ,) with aseoibic aeid al 2^'C Riciclion LOIILIII ions 
| \ g ( l ) | 6 0 x l 0 * m o l d m ' |aseoibie aeidl 4 0 x l o ' m o l d n i |C1AB| 
6 0x10 mol dm ' . l i m e 70 inin and Mangnificalion - 200K 
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40 60 
Time(min) 
80 
Fig. 6.2. Plots of log(absorbance) versus time for the oxidation of thiourea by 
'XjMl{ particles at 25 "C. Reaction conditions: (silver sol| -" 2.4x 10"'* mol dm"^  and 
I thiourea I 0 .0 (B) : l.l(»)and3.3 ^ 10"'mol dm"'(A), 
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l/phioureaKmol^dm') 
Fig. 6.3. Plot of 1/ kobs versus 1/1thiourea). Experimental conditions arc the same as 
in Fi^j. 6.2. 
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CHAPTER 7 
Oxidation of methionine by silver (I) 
7.1. Introduction 
The use of amino acids play important roles in the preparation of different shaped 
(sphere-, dumbbell-, corn-, pearl-necklace-and I-shaped) and sized silver-gold 
nanocomposites in presence of cetyllrimethylammonoum bromide | 1 | . it has been 
established that amino acid acts as a reducing- and capping-agents for the reduction 
and stabilization of metal ions (silver and/or gold) and their nanoparlicles. 
respectively |2-6|. Amino acids are known to provide different coordination sites: at 
the N-. 0-. and S-centers that can coordinate with silver ions and with metallic 
nanoparticles. Sulphur has been established as the most susceptible to gain electrons 
from the oxidizing agents |7]. I'he reactions of silver and gold ions with sulphur 
containing amino acids (methionine, and cysteine) have been investigated for several 
reasons (1.6.8.9]. Methionine has rich applications in redox-and surface-chemistry as 
a reductant and a stabilizer [10]. 
Amino acids (basic structural units of proteins; facilitate a wide range of 
ph_\siological functions) are biologicall) important substances whose activities 
depend largely in their redox behavior. Oxidative degradation of amino acids by 
different metal ions oxidants has been the subject of a large number of investigations 
due to their biological relevance 111-13]. The mechanistic and kinetic features of a 
particular redox reaction are likely to be affected by the nature of the side chain of 
amino acid and the active species of the oxidant. Kinetic and mechanistic studies of 
the formation and characterization of silver nanoparticles during the reduction of 
silver(l) by methionine, until recently, been lacking. 'I he only interest, therefore, in 
the work was to investigate the kinetics of silvcr(l)-methionine reaction 
(nanoparticles formation) which was not studied by the previous investigators. 
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7.2. Results and discussion 
7.2.1, Preparation and characterization of silver nanoparticles 
In the first set experiments, SDS and/or Triton X -100 was used as stabilizer, 
under our experimental conditions, i.e., [Ag J^ = 10.0 x 10' mo! dm' , [methionine] == 
8.0 X 10'^ ' mol dm'l and/or [SDSJ = 4.0 - 10.0 x 10'^  mol dm'\ [Iriton X-100] = 4.0 
10.0 X 10"^  mol dm', the reaction mixture becomes turbid and a yellowish 
precipitate appears after some time, 
In the second set of experiments, the solution of siKcr nitrate became turbid and 
brown-purple upon the addition of methionine in the absence and presence of CTAB. 
respectively, as the reaction proceeded at 23 C. Therefore, the choice of the best 
conditions for the preparation of nanoparticles is a crucial problem that we address 
first. Required volume of methionine (4cm', 0.01 mol dm'^ ) was added to a reaction 
mixture containing silver (1) (5 cm . 0.01 mol dm"^ ) and CTAB (4 cm\ 0.01 mol 
dm'') and the solution was diluted by the required volume of water (total volume of 
reaction mixture was always 50 cm'). The resulting perfectly transparent purple color 
solution is stable for several months. Fhercfore, all the kinetic measurements were 
performed in presence of CIAB. lo confirm the nature of purple color, the UV-vis. 
spectra uere recorded at different time intervals (fig 7.1). Fhc absorption spectrum of 
resulting solution has a broad shoulder located at 500 nm (Fig. 7.1). As the reaction 
time increases, intensity of shoulder increases with time and became constant after ca. 
some days. After completion of the reaction, UV-vis. spectra were also recorded for 
different [methioninej (2.0 x 10' to 20.0 x ]0" mol dm' ). The observed results are 
represented graphically in Figs. 7.2 and 7.3 for lower and higher [methionine], 
respectivel}-. Brown color silver sol was formed at |methionine| (< 6.0 xlO' mol dm' 
'). A quite noticeable effect can be observed for higher [methionine]. As can be seen 
i i ; 
from Fig. 7.3 (typical example), [methionine] shifts the wavelength maximum ((A.max) 
of the silver sol to the higher wavelength. Under our experimental conditions, the 
formation of stable silver nanoparticles is in Scheme 7.1. 
+ methionine 
Ag-nanoparticles 
K.. = 500 nm 
Scheme 7.1. Formation of purple colored silver nanoparticles 
The most characteristic part of silver sol is a narrow plasmon absorption band 
observable in the 350 - 600 nm regions. Metallic silver has an absorbance maximum 
at ca. 420 nm [14]. The shape of the each spectra gives preliminary good information 
about the size and the size distribution of the silver particles [15]. The absorbance 
peak of the reaction mixture containing 8.0 x lO'"* mol dm"^  methionine is 
unsymmetrical at 23 °C: the presence of shoulder at longer wavelength ca. 500 nm 
indicates the presence of aggregated Ag-nanoparticles [16, 17]. At higher 
[methionine], there is a distinct bathochromic shift in X^ax to around 550 nm (Fig. 
7.3), indicating a greater number of methionine molecules adsorb at the surface of 
Ag-particles. The well-defined surface plasmon band at 413 nm is a characteristic of 
monodispersed small Ag- particles [18]. The shift of the absorption band toward 
higher wavelength with [methionine] provides clear evidence for increase in the 
polydispersity and aggregation. Inspection of absorbance-wavelength data (Figs. 7.1 
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to 7.3) clearl) suggests that |methioniric|. temperature, and time are the important 
parameters, controlling the growth, size, and shape of Ag-particles. 
On the other hand. Fig. 7.2 shows that spectra of methionine-Ag^ reaction product 
covering the whole visible region of the spectrum. In order to obtain insight into the 
nature oi' brown colored silver sol. the Rayleigh's law (absorbance = concentration 
/wavelength) was also used. The plot of log (absorbance) versus log (wavelength) is 
not linear |18]. It is well known that if the brown color is due to the formation of 
colloidal silver particles at lower |methionine] , the spectrum will be mainly due to 
the scattering of light (Rayleigh's law). Thus, we may safely conclude that the 
available data are consistent with the formation of silver nanosi/.e particles during the 
reduction of Ag bv methionine. 
Ihc Tl^ M images of the Ag-parliclcs (Figs. 7.4 to 7.6) showed that the particles 
are corn-shaped, small-sized diameter ca. 23 nm. cross-linking and aggregated. For 
sulphur containing amino acids. -SH group was responsible for the reduction of 
transition metal ions oxidants. In methionine, the reactive site is partially blocked by a 
methyl group, as indicated by the appearance of purple color after the reaction had 
proceeded for ca. 10 min (Fig. 7.7) under our experimental conditions; instead of 
yellow color, which is the characteristic of sphere-shaped Ag-nanoparticlcs with Xma^ 
400-420 nm. As a result, the slow and irregular adsorption of methionine and/or its 
oxidation product occurs onto the suri'ace of Ag-particles leading to the formation of 
corn-shaped small scale nanoparticles. I'f.M images (Figs. 7.5 and 7.6) further verify 
that Ag-nanoparticles undergo aggregation and /or cross-linking because methionine 
is basic amino acids which may be responsible for such processes |3 | . 
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7.2.2. Effect of |Ag(I)| on the rate constant 
The kobs values were calculated at various |Ag(l)) but at constant |methionine] 
(10.0 X 10"' mol dm"') and [CTABI (8.0 x IQ-' mo! dm"'^ ) at 32 V . The second-
order-rate constants were found to be independent on |Ag'] (Table 7.1) demonstrating 
that particle sizes do not depend on the |Ag']. 
7.2.3. Effect of [niethioninej on the rate constant 
In order to determine the rate of formation ol Ag- particles, a series of kinetic 
experiments were carried out under different experimental conditions. Tlie effect of 
varying |methioninej |range: (4.0- 20.0) x 10' mol dm''| on the reaction rale was 
studied at fixed |Ag (I)| (10.0 x lO""' mol dm" )^, ICTAB] (8.0 x 10"'' mol dm"^ ) and 
temp. (32 "C). The sigmoid nature of reaction-time curves suggests the existence of 
an autocatalytic path in the formation of Ag-nanoparticles (Figs. 7.7 and 7.8). The 
second- order- rate constant (kobs) was found to decrease with [methionine] (Table 
7.2). Obviously, high concentrations of methionine decreased the rate of nucleation. 
For a certain reaction time, i.e., 60 min, the absorbance of reaction mixture First 
increased until it reached a maximum, then decreased with [methionineJ( absorbance 
0.21, 0.25. 0.48. 0.32. and 0.30 at [methionine] = 2.0, 4.0. 6.0. 8.0. and 10.0 x I0'^ 
mol dm"', respectively) indicating the adsorption of methionine on the surface of Ag-
nanoparticlcs. 
7.2.4. Effect of |CTABj on the rate constant 
Interestingly, at lower |C'fAB] ( < 4.0x10"'^  mol dm"0, the reaction mixtures 
becomes turbid where as, the formation of purple color is observed in [CTAB] (> 
6.0x10"' mol dm" ) with kob^  = 13.5 ± 0.1 xlO"" mol dm^ s"' in presence of constant 
|Ag'] (10.0 xlO'^ mol dm"') and |methionineJ (10.0 xlO""* mol dm" )^. Formation of 
purple color silver sol is not observed at [CTAB| > 40.0 xlO"'* mol dm"^  suggesting 
the dilulion effect of CTAB micelles. 
7.2.5. Effect of pH on the formation of Ag-nanoparticles 
It is v\ell established that ionic micelles shows a marked difference in the 
effective local pi I to exist at its miccllai surface over that in bulk aqueous solvent 119| 
(pi I shift by about plus two units is expected at the surface of ClAB micelles with 
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respect to the bulk pH and control of pH is not as straightforward in micellar solutions 
as in ordinary solvents. However, a series of experiments were also performed in 
order to see any change in the pll of the working in presence of |CTABJ. The pH 
values was found to be nearl) constant with increasing |CTAB| and |methionine] 
(weak acid: pK| = 2.28; pK^ ^ 9.21). The observed values of pH are given in 'fable 
7.2. 
7.2.6. Mechanistic interpretation 
Before attempting to propose a mechanism for the silver sol formation, it the 
necessary to discuss the species of methionine existing in the aqueous medium. It is 
well known that methionine exists in the cationic (CH3SCfi2CH2CH(NH3^)COOH), 
/witter ionic (CH3SCH2CH2CH(NH3")COO") and anionic 
(Cil3SCH2CH2CH(NH2)COO") species in aqueous solution. The ratio of these 
species depends upon the pH of the working solution. Thus, under our experimental 
conditions (pH '-^- 5.10) /witter ionic species is the major existing species. It has been 
established that different species of colloidal silver (Ag2'. Ag3^'. Ag4"'\ AgxAg' or 
Ag9" and Ag6 ') are formed by radiation and chemical methods under different 
experimental conditions [20,21]. Only Ag4''' can be stabilized for a long time in 
presence of a polyanion even under air and growth stops at the stage of Ag.^  ^. The 
most satisfactory mechanism to fit the observed experimental results is represented by 
Scheme 7.2. 
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CH3SCl^CH,CH(NH3*)COOH ^=^^CH3SCH,CH,CH(NH3')COO- ^ iV ( 7.1 ) 
CH,SCH.CHXH(NH/)COO- ^=.^L==CH3SCH,CH3CH(NH,)COO- + i r ( 72 ) 
^ Methionine-Ag ( '-^ 
K 
CH,SCH2CH2CH(NH3')COO' + Ag' = ^ 
k 0 
Mcthionine-Ag + Ag' ^ Ag + radical cation (7.4) 
radical cation + Ag' + H2O — - ^ L _ ^ ^ g - , mclhionine sulphoxide-Ag (7.5) 
(Product) 
2Ag" + 2Ag' — ^ Ag4 (ref16) (7.6) 
I'ast. 
Ag^"* + methionine and/or its product ^ Purple colour silver sol ( 7.7 ) 
(^ max - 550nm) 
Where radical cation = CH3S"CH2CH,CH(NH30COO-Ag 
Scheme 7.2. Mechanism of the silver nanoparticles formation 
In Scheme 7.2, Eqs. (7.land 7.2) represents the protonation of methionine species. 
The nest step (Eq.7.3) shows the formation of methionine-Ag'^ complex. In the rate-
determining step, the complex further reacts with Ag^  and to give radical cation and 
Ag' (one-step, one electron oxidation-reduction mechanism (Eq. 7.4)). Radical cation 
is a strong oxidant and is unstable which reacts with Ag to yield methionine 
sulphoxide-Ag complex as a product and Ag (l{q. 7.5). In Eq. 7.6. Ag adsorb on the 
surface of Ag leading to the formation of silver sol. This mechanism is in good 
agreement with results of other investigators [22] advanced for thio ethers (sulphide) 
oxidation to sulphoxide with one equivalent reducing agent (cerium (IV)). 
The mechanistic steps (Eqs. 7.1, 7.2. 7. 3, and 7.4) lead to the rate law (Eq. 7.8). 
d|silver sol] k K^g|Ag'p|methionine|.,. 
^^  ( l ^ H ^ I / - ^ K ,^ *-K^,/lH^I +K. [AgD 
(7.8) 
Ag l 
Under our experimental conditions (pH "-= 5.10), (methionine] (2.0 to 10.0 x 10' mol 
dm''), and Kai and Ka2 of methionme arc 10"" and 10''", respectively, therefore, [H^] / 
Kji and K„2 / IH"* | can be neglected in comparison 1. On the other hand, 1» KAg [Ag*]. 
B) introducing these approximations, the rate law (Hq. 7.8) is thus reduced to 
f.q.(7.9). 
d|sil\crsol] ^ k |Ag'] (methionineI, (7-9) 
dt 
I he l:q (7.9) is in good agreement with the observed results, i.e.. first- order with 
respect to | Ag' | | as well as |methioninc| (over all second-order reaction). 
7.2.7. Probable role of CTAB and methionine during the silver-nanoparticles 
formation 
It is to be noted that we did not observe the precipitation of AgCl and AgBr after 
the addition of 1.0 xlO"^  mol dm"^  chloride and bromide ions (in the form of NaCl and 
NaBr) to the solution containing jCTABj = 8.0 x 10'' mol dm'\ |methionine) = (10.0 
xlO'"^  mol dm'-'), and |Ag*j - (10.0 xl()-' mol dm'') as that in the absence of CTAB. 
1 his max be attributed to complexation between carboxylate group of methionine and 
Ag' (Scheme 7.2; fx].( 7.3)) as well as solubilization and/or incorporation of the 
rcactani (methionine-Ag) into the Slern laver of ClAB micelles(as most of the 
ionic micelle mediated reactions arc believed in this region). One of the most 
processes leading to micellar effects on reactions is the solubilization of substrates in 
micellar interiors. Hydrophobic and electrostatic factors are responsible for this 
process. Micelles provide microenvironments (non polar, hydrophobic interior and 
polar, usually charged) that can interact with reactants non polar and polar parts. As a 
result. methionine-Ag' complex gets incorporated in to the Stern layer due to the side 
chain of methionine (ClljSCHoOHi-)- No purple color was observed at higher 
Under our experimental conditions (pll = 5.10). [methionine] (2.0 to 10.0 x ]0"^mol 
dm"'), and K^i and Kd2 of methionine are 10"" and 10"'", respectively, therefore, |H^J / 
K<,| and Ka2 / |H^] can be neglected in comparison 1. On the other hand, 1» KAg [Ag^]. 
B_\ introducing these approximations, the rate law (Eq. 7.8) is thus reduced to 
l-.q.(7.9). 
d[silver sol] = k [Ag'J [methionine),. (7.9) 
dt 
The Fq. (7.9) is in good agreement with the observed results, i.e.. first- order with 
respect to | Ag' || as well as |mcthionine| (over all second-order reaction). 
7.2.7. Probable role of CTAB and methionine during the silver-nanoparticles 
formation 
It is to be noted that we did not observe the precipitation of AgCl and AgBr after 
the addition of 1.0 xlO""^  mol dm"^  chloride and bromide ions (in the form of NaCl and 
NaBr) to the solution containing |C fAB] = 8.0 x 10"^  mol dm'\ [methionine] =- (10.0 
xlO"* mol dm" )^. and [Ag'[ - (10.0 x]0""* mol dm"') as that in the absence of CTAB. 
This may be attributed to complexation between carboxylate group of methionine and 
Ag' (Scheme 7.2; Eq.( 7.3)) as well as solubilization and/or incorporation of the 
reactant (methionine-Ag") into the Stern layer of CTAB micelles(as most of the 
ionic micelle mediated reactions are believed in this region). One of the most 
processes leading to micellar effects on reactions is the solubilization of substrates in 
micellar interiors. Hydrophobic and electrostatic factors are responsible for this 
process. Micelles provide microenvironmcnts (non polar, hydrophobic interior and 
polar, usually charged) that can interact with reactant s non polar and polar parts. As a 
result. methionine-Ag' complex gets incorporated in to the Stern layer due to the side 
chain oi' methionine (Cfi.^iSCHiCfh-) No purple color was observed at higher 
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|CIAB|. This verifies that continuous increase in |CTAB] produces micelles and, 
progressive!}, more and more mclhionine-Ag' gets incorporated into the micellar 
phase. Segregation deactivates the substrate since methionine-Ag' in one micelle 
cannot react with Ag' (dilution effect). 
At higher [methionine], a greater number of methionine molecules adsorb on the 
surface of yellow-color silver sol which in turn, shift the absorption peak at higher 
wavelength (with obvious color change; Fig. 7.3). These observations are in good 
agreement with the hypothesis previously advanced (larger metallic silver particles 
readily adsorb nucleophilic molecules which leads to changes in the optical properties 
of the particles [23]). Thus, presence of lone-pairs of electrons on sulphide and 
sulphoxide groups of methionine and its oxidation product, respectively, and -COO' 
of methionine are responsible for the adsorption as well as stabilization of silver sol. 
fherefore. methionine acts as a stabilizer and /or capping agent. Our results seem to 
suggest that there is a competition between methionine (ligand; reductant; capping 
agents) and CTAB (stabilizer) for the surface of silver sol |5J. Therefore, several 
processes (solubilization of methionine in to the micelles, complexation between Ag^ 
and methionine, reduction of Ag' by meihionine-Ag complex, formation of silver sol, 
and adsorption of methionine and/or its oxidation product onto silver sol ) likely to 
coexist. 
7.2.8. Comparison with other related system 
In order to see insight into the formation of silver sol, the values of second-
order rate constant (k" mof' dm's" ) and other parameters for the reduction of Ag' by 
ascorbic acid and methionine are summarized in 1 able 7.3. It is interesting to note that 
the reactivity of ascorbic acid towards Ag' is much higher than the corresponding 
oxidation of methionine, fhough the data are not conclusive, it seems that reduction 
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potentials of ascorbic acid and methionine are responsible for the fast and slow proton 
transfer to Ag\ respectively, leading to the formation of different silver sol with 
different shape, si/e. and color. 
Our resuhs of the Ag- methionine reaction constitutes a first step toward 
elucidation of the mechanism of Ag-nanoparticles formation by chemical method. 
Methionine acts as complexing, reducing, adsorbing and capping agents during the 
Ag-nanoparticlcs formation. Complexation between methionine and Ag^ reducing the 
escaping tendency of carboxylate group. Corn-shaped and purple colored Ag-
nanoparticlcs formation (irregular adsorption) is due to the weak reducing ability of S 
in methionine. Lone-pairs electrons of sulphide and sulphoxide groups in methionine 
and /or its oxidation product are responsible for the adsorption on the surface of silver 
sol. Stern layer of CTAB micelles is the probable reaction site for the nanoparticles 
formation. 
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Table 7.1 
lilTccl of |Ag'] on second- order rale constants tor the oxidation of methionine by 
silver(l) 
Reaction conditions : [methionine] == 10.0 xlC'Snol dm' 
ICTABI - S.OxlO-Voldm"^ 
(mol dm") 
temp. 
PH 
= 32 V 
-= 5.10 
1 
^obb 
(mor'dm^ s"': 
6.0 13.5 
8.0 13.5 
10.0 13.4 
12.0 13.5 
14.0 13.5 
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Table 7.2 
I'JTccl of Imcthioninel on second- order rale constants for the oxidation of methionine 
by silver(l; 
Reaction conditions • |Ag^| ^ 10.0x10' mol dm' 
[CTABI = S.OxlO'^moldm" 
temp. = 32 "C 
10 [methionine] pH kobs 
(mol dm"^ ) (mor'dm^s"') 
4.0 5.10 16.2 
8.0 5.10 15.3 
12.0 5.11 11.0 
16.0 5.10 8.7 
20.0 5.11 5.0 
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Fable 7.3 
Values of second-order rate constants (k ), shape, size, and other parameters for the 
reduction of Ag' by different reductants in presence of CTAB 
Parameters Ascorbic acid** Methionine 
10-k"(mor'dm^s"') 33.3 
Particle shape and size sphere and 50 nm 
Silver sol color yellow {X„u\ 410 nm) 
Reaction-lime concave (facing down) 
Role oi'reductant adsorbing agent 
15.3 
corn and 23 nm 
purple (}inia\ 550 nm) 
concave (facing up) 
ligand. capping, and 
adsorbing agent 
"lascorbic acidj --- 6.0 x 10"^  mol dm': (CTAB] - 6.0 x 10'^  mol dm"\ |Ag'] - (6.0 
xlO' mol dm" ); temperature = 25 C; pH =- 5.15; Colloids and Surls. B: Biointerfaces 
64(2008)42. 
ViethionineJ - 8.0 x 10"^  mol dm \ |CTAB] = 8.0 x 10"" mol dm \ [Ag J^ = (10.0 
xlO"" mol dm"^  ); temperature = 32 '^ C; pH -^5.10; Ref =" present work. 
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300 350 400 450 500 550 600 650 700 750 
Wavelength 
Fig. 7.1. UV-vis. spectra orAg-nanoparticles formation (purple color) as a function of 
time . Reaclion conditions: \Kg{\)] = 10.0 x 10"'* mol dm"'; |CTAB| = 8.0 x lO"' mol 
dm "'; I methionine] =' 8.0 x ]0"'^  mol dm '; temperature " 23 "C; time = 4 (•), 25 (•) 
and 74 h ( A ). 
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400 450 500 550 600 650 700 
wavelength (nm) 
Fig.7.2. UV-vis. spectra of Ag-nanoparticles formation (yellow color) as a function of 
[methionine]. Reaction conditions: [Ag(I)] = 10.0 x 10"^  mol dm"^ [CTAB] = 8.0 x 
lO'^moldm'^ temperature = 32 "C; |methionine| - 2.0 (•), 4.0 (•), and 8.0x10"^ 
moi dm'( • ). 
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400 450 500 550 
Wavelength(nm) 
600 650 
Fig.7.3. UV-vis. spectra of Ag-nanoparticles tbnTialion(purple color) as a function of 
Imethionine]. Reaction conditions: |Ag(I)J = 10.0 x 10"^  mol dm"\ |CTABj - 8.0 x 
10"'mol dm"'; temperature = 32 "C; [methionine] = 10.0 (•) and 20.0 x 10" mol 
dm">). 
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IW^ 
^''wKIr 
r 
''V. 
50 nm 
A 
% 
9 
^iM 
Fif>.7.4. I ransmission electron micrograph lt)r the tormdtion of corn-shaped nanosi/e 
Ag-particlcs. Reaction conditions- |Ag(l)| 10.0 x W^ mol dm'\ |C 1 AB] - 8.0 x 
10"' mol dm"\ temperature = 25 "C; |methionme) ~ 10.0 ^ 10" mol dm' . 
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jii 
U&m' 
100 nm 
Fig.7.5. Iransmission electron miciograph showing ihe crossing-linking ofAg-
nanoparticles Other conditions were the same as those described in Figure 4 
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50 nm 
Fig. 7.6.1 ransmission electron micrograph showing the aggregation of Ag-
nanoparticles. Other conditions were the same as those described in Figure 4. 
130 
50 nm 
Fig. 7.6.1 ransmission electron micrograph showing the aggregation of Ag-
nanoparticles. Other conditions were the same as those described in Figure 4. 
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40 60 
Time (min) 
Fig. 7.7. Reaction-time curve for the formation ol'Ag-nanoparlicles. Reaction 
conditiom: |Ag(l)j = 10.0 x 10'' mol dm"': |CTAB] = 8,0 x lO"' mol dm"^ : 
temperature = 32 "C; [methionine] - 4.0 (•), and 8.0 x lO""* mol dm'V)-
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l O 6 0 
Time (min) 
Fig. 7.8, Plots of log(Absorbancc) versus time. Reaclion conditions: |Ag(I)] " 10.0 ^ 
10' mol dnV": jCTAB) ^ 8.0 ^ 10"' mol dm"; temperature = 32 "C; jmethionine) ^ 
2.0(H), 4.0 (•). and 8.0 x K)-^  moldm"'(A). 
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